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Advances in design and technique 
THE GREAT fis 


for the Rapier W.1400 Dragline. 
The largest in the world, length 282 feet. 
Minimum slewing radius 260 feet. 


Bucket capacity 20 cubic yards. 


| TUBEWRIGHTS LTD. 


EGGINTON HOUSE, 25 BUCKINGHAM GATE, LONDON, S.W.!. TELEPHONE: VICTORIA 045! 
A subsidiary of Stewarts and Lioyds Limited 
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TRANSACTIONS OF THE INSTITUTE OF WELDING 


Babcock & Wilcox Ltd. have 
supplied steam raising plant and 
special fusion - welded pressure 
vessels for the new refineries of 
Great Britain. 
Typical of such equipment is 
this huge steel tower 170 feet 
high and weighing 240 tons, 
shown during erection at the 
Shell refinery, Stanlow. Above 
is a Babcock Integral Furnace 
boiler, typical of the seven 
steam raising units supplied by 
Babcock & Wilcox Ltd. to the 
refineries at Stanlow and 


BABCOCK & WILCON LID 
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...with M-V Automatic 
welding equipment 


Remarkable increases in the speed of welding are made possible by A Metrovick Automatic 
Metrovick automatic equipment. It is simple to use, economical in Atomic Hydrogen welding 


operation and the higher rate of output means lower production costs. machine jor cylinders with 


Metrovick make many types of w elding equipment, and also electrodes kage oem 
for arc welding. In addition M-V have one of the biggest welding 
shops in the country, so that M-V offer not only an unrivalled range 
of equipment, but also a wide experience in practical welding. For 
advice on the best type of welding equipment for any purpose con- 
sult Metrovick, the makers who use the plant they sell. 


METROPOLITAN-VICKERS ELECTRICAL CO. LTD., TRAFFORD PARK, MANCHESTER, 17. 


Member of the A_E.1. group of companies 


Equipment for More Efficient Welding 
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Have you pride in your work? 


Naturally you have if you're a good manufacturer. Which means 
you are the type of person for whom Johnsons make welding 
wire, They make it carefully from first-class materials 
to meet exact analytical requirements. So when you buy Johnsons 
wire you buy reliability — and also something extra in the 
way of experience. The kind of experience Johnsons 

have been gaining — and putting to good use — for 178 years. 


CUT LENGTHS. High-speed machines straighten, 
measure and cut wire into lengths, accurate and 
clean-cut without burr... achieved by intelligent 

workmanship on precision machines. 
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JOHNSONS 


WI R E . *. « FOR THE WELDING INDUSTRY 


RICHARD !OHNSON & NEPHEW LTD., FORGE LANE, MANCHESTER, ft. 
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+4 pLATES 


ph Whether it be for bridges 
a 


and other structures, 
for storage tanks, gas- 
holders, or for Class 1 
pressure vessels and 
m boiler drums, welded 
for welding construction has ‘‘come 
to stay,’’ on account of 
its economy of material, 
tightness of joints, and 
the neat sound job which 
welding makes. 


Appleby Steel Plates have 
excellent physical properties, 
are ductile, flat, well-sheared, 
and will be found highly 
suitable to all forms of welded. 


construction in which plates 
are used. 
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Welding in Britain’s shipyards 


‘ENGLISH ELectric’ multi- 
operator welding equipment is 
widely used in Britain’s shipyards. 
Among the many ships which have 
been welded with the aid of 
‘ENGLISH ELECTRIC’ multi-operator 
A.C. welding plant is the 

cargo steamer “City of Brisbane”, 
shown in the illustration. 

This 12,500 tons vessel, 

which is an excellent example 

of British shipbuilding, 

was built for the Ellerman Lines 
by Cammell Laird & Co. Ltd. 

of Birkenhead. 


“ENGLISH ELECTRIC 


multi-operator welding equipment 


Tae ENGLISH ELECTRIC Company Limateo, Qugens House,. Kincsway, Lonpen, W.C.2 
Welding Department, East Lancashire Road, Liverpool, 10 


STAPF ORD . PRESTON gauoeBY SBRavdFroRD . Liveg root ACCRINGTON 
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One hano uperation 


Cuts Plates from § inch to 24 inches thickness—CLEAN cuts. 
Will cut circles from 2 inch diameter upwards. 
Straight cuts of unlimited length. 


Cuts bevels. 


For use with acetylene—propane or coal gas. 


Please send for O.K. Leaflet No. FC/C 52. 


U ee he 2 OK 7 Noda’ a: che 


WELDING SUPPLIES LIMITED 


BEECHINGS WAY . p 


GILLINGHAM, KENT 


MANUFACTURERS OF OK ELECTRODES 





TRANSACTIONS OF THE 


INSTITUTE 


Vice-President : 
A. Ropert Jenkins, J.P., A.I.Mech.E. 


Honorary Editor : 


VoL. 15 No. 3 


JUNE, 1952 


OF WELDING 


PRESIDENT - HOWARD J. THOMPSON, M.I.Mech.E. 


Secretary : 
G. Parstor, M.A. 


D. S. Wart, B.Sc., M.I.N.A. 


Price 7s. 6d. 


INSTITUTE NOTES AND NEWS 


ANNUAL GENERAL MEETING 


It has been decided to postpone the Annual General Meeting of 
the Institute from the date announced in the Calendar, which was 
Wednesday, 16 July, to the following Tuesday, 22 July next. It 
will be held as usual at the Institution of Civil Engineers at 
2.30 p.m. 


The Council's nominations for Honorary Officers and Council 
members in 1952-53 are as follows: 
President, A. Robert Jenkins, J.P., A.1.Mech.E 
Vice-President, H. B. Fergusson, C.E., M.E.1.(Canada), M.I. 
Mech.E., M.I.N.A. 
Honorary Treasurer, W. E. Harriss. 
Representatives of Industrial Corporate Members, R. G. Braith- 


waite, M.1.C.E., L. Reeve, B.Sc., Ph.D., E. G. C. Trafford 
Willey, J. M. Willey, A.M.LE.E. 


Representatives of Fellows, Members and Associate-Members, 
C. A. Burton, W. Dunn, G. Foster, A.M.1.Mech.E., M.1. 
Loco.E., W. Heigh, M.LE.S.S., A. J. Hipperson, B.Sc., 
W. K. B. Marshall, B.Eng., A.I.M., L. C. Percival, B.Sc., 
B.Met., J. Strong, M.A. 


FRONT COVER ILLUSTRATION.—Ten plates of mild 
steel cut and shaped in a single pass of the oxygen cutter 
. . . to identical measurements and with such a high quality 
finish that no subsequent machining is required. This operation 
—simple routine to the B.O.C. 36-in. cutter illustrated—saves 
time, labour and cutting gases, and permits quantity production 
to be carried on without loss of accuracy. 


Apply to our local office for demonstration 
THE BRITISH OXYGEN COMPANY LTD., 


1952-53 PROGRAMME 


The following are the provisional dates of meetings so far as 
already arranged for the session 1952-53: 
8 October, 1952 .. Presidential Address. 
29 October Two Papers on “Modern Developments in 
Industrial Applications of Resistance Weld- 
ing,” by Mr. H. E. Dixon, M.Sc., A.1.M., 
and another. 
Paper by Dr. Nicol Gross on “Pressure 
Vessel and Pipe Welding Research.” 
29 January, 1953... Annual Luncheon. 
25 February Sir William J. Larke Medal paper. 
Thursday, 12 March Joint meeting with the Institution of Struc- 
tural Engineers. Paper by Mr. E. M. Lewis 
on “The Construction of the New Testing 
Laboratory of the B.W.R.A. at Abington.” 
Friday and Saturday, Spring Meeting at Sheffield with Conference 
24 and 25 April — of Branch Officers. 


All meetings are on Wednesdays unless otherwise stated. 


10 December 


PRINCIPAL CONTENTS 
Institute Notes and News ... 
Branch Officers and Committee for 1952-53 
Automatic Welding ... 
Winning Design for C. W. Hill Prize 
Latest Additions to the Library .. 
Abstracts from Recent Welding Literature 


THE INSTITUTE OF WELDING, 2, Buckingham Palace Gardens, London, S.W.1. 


The TRANSACTIONS of the Institute are issued free to Members. To non-members the price of this issue is 73. 6d. per copy (by post 8s.). 


The Institute of Welding is not responsible for and does not necessarily endorse statements made by Authors of Papers and contributors to 
the Discussions thereon. 
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SPRING MEETING 


The Spring Meeting held at Glasgow from 24 to 26 April last 
was better attended than most of the Spring Meetings of previous 
years, about 140 members and guests joining in the whole or part 
of the proceedings. Attendance at the meetings on the Friday and 
Saturday morning was good and the discussion on each of the four 
papers was rewarding to the authors, as evidence of the interest 
which their papers had aroused. We hope to report these discussions 
fully in a later issue. Two of the papers were published in the 
April issue and a third is to be found elsewhere in this number 


Members were offered a choice of three works visits on the 
Friday afternoon and parties of about 30 went to cach of the 
following: Sir William Arrol & Co. Lid., John Brown & Co. Ltd., 
and Harland & Wolff Lid. All the visits were excellently arranged 
and those who took part in them expressed their satisfaction at 
the interesting work which they had been shown 


On the Thursday before the meeting proper, a party limited to 
27 visited the works of the Pressed Steel Co. Ltd., at Paisley in the 
morning, being entertained to lunch at the factory, and the Clyde- 
bridge Works of Colvilles Ltd., in the afternoon, where they had 
tea. These visits were extremely popular and the party could have 
been doubled in number if there had not been a limit imposed 


on u 


On the Friday night over 100 members and visitors dined 
together at the Rhul Restaurant. The Chair was taken by the 
President of the Institute and the principal guest was Baillie Taylor, 
representing the Lord Provost of Glasgow. Other guests included 
the officers of the West of Scotland Branch, the directors of the 
companies which had received parties at their works and the 
authors of the papers. 


On the Saturday afternoon and evening over 30 officers of 
Branches met to confer on various matters of importance to 
Branch Committees 


The Institute is greatly indebted to the Officers and Committee 
of the West of Scotland Branch for the welcome which they gave 
to their visitors and their continuous co-operation in the planning 
of the meeting. We also owe thanks to the companies which 
received parties, to Mr. P. W. Thomas, the Secretary of the 
Institution of Engineers and Shipbuilders of Scotland, at whose 
premises the meetings were held and to the Lord Provost of 
Glasgow for his official welcome 


Finally, the ladies of the West of Scotland Branch must certa.nly 
not be forgotten in our thanks. They organised an attractive 
expedition to Rothesay for the lady visitors, but only one was 
forthcoming to take advantage of it 


VISIT OF DR. JAMES F. LINCOLN, E.E. 


Dr. James F. Lincoln, E.E., founder and head of the American 
Lincoln Electric Co., addressed a private meeting of representatives 
of companies and firms belonging to the Institute and to the 
British Welding Research Association, at the Institution of 
Mechanical Engineers on 8 May last. Speaking on “Welding and 
Incentives,” Dr. Lincoln first gave a brief survey of the present 
position of welding. He said that he thought that the future lay 
with automatic welding, in which he would expect to see very 
rapid development in the near future, possibly in the replacement 
of flux by an inert gas for the protection of the arc. He thought 
that the use of welding, the most modern and flexible tool for the 
joining of metais, had been hampered in particular by an excessive 
factor of safety and stressed the need for a new outlook. If it was 
possible for aircraft to be designed with a factor of safety of two, 
why did the authorities continue to insist on a factor of four for 
bridges and other structures? 


Dr. Lincoln then turned to the question of incentive management, 
a subject to which he has given continuous study for very many 
years past. He said that a veritable revolution in human affairs 
could be brought about, if only we could release the latent ability 
in every individual human being, so that every man would go all 
out to employ the whole of his powers, instead of holding them 
back or leaving them unused as at present. Dr. Lincoln outlined 
the profit-sharing scheme operated by his own company, which 
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he said had in eighteen years reduced the man hours per unit of 
production by more than 85 per cent. and resulted in their selling 
their products for less to-day than before the war of 1939-1945 
In the last ten years they had paid an annual bonus to their workers 
averaging more than 100 per cent. of their basic salaries and wages. 
More important even than this was the addition to human happiness 
which came from the satisfaction of doing a job and doing it really 


well, the joy which a man realised when he was really using all 
his powers 


After his short address, Dr. Lincoln invited questions, which he 
answered very fully, mostly in explanation of the working of his 
company’s scheme. A vote of thanks to the speaker was proposed 
by Mr. A. C. Hartley, C.B.E., and carried by acclamation 


After the meeting, Dr. Lincoln was the principal guest at a 
dinner at the Savoy Hotel, attended by members of the Council 
of the Institute and the British Welding Research Association. 


GOTHENBURG MEETING OF LLW. 


The International Institute of Welding is this year holding its 
annual meeting in Gothenburg, Sweden, from 7 to 13 September, 
by invitation of its Swedish member societies. 


The first item on the programme is a meeting of the Governing 
Council of the Institute on 7 September. The following four days, 
8 to 11 September, will be devoted to meetings of the fifteen 
technical Commissions composed of representatives appointed by 
the societies belonging to the Institute. 


On the morning of Friday, 12 September, visits have been 
arranged to shipyards and other works in Gothenburg, and in the 
afternoon four papers on “Welding in Shipbuilding” will be 
presented by representatives of France, Great Britain, Sweden 
and the United States. The author of the British paper is Mr. H. H. 
Hagan. 


The assembly closes with a meeting of the Governing Council 
on 13 September, after which those taking part will be free to join 
in a programme of works visits in Stockholm, Malmo and other 
industrial centres, organised by the Swedish member societies of 
the International Institute of Welding. 


A full programme of entertainment has been planned for the 
benefit of delegates, including a reception given by the Gothenburg 
City Council on 8 September and a banquet given by the host 
societies on 11 September. 


Full particulars of the meeting and enrolment forms may be 
obtained from Mr. G. Parsloe, Secretary-General, The Inter- 


national Institute of Welding, 2, Buckingham Palace Gardens, 
London, S.W.1. 


Appointments Register.Industrial Corporate Members may 
like to be reminded that a register of members seeking posts as 
foremen, supervisors, representatives, managers, designers, etc., 
is maintained at the offices of the Institute. 


Employers seeking staff (other than welders) are cordially 
invited to inform the Secretary of the Institute of their require- 


ments, and so assist the Institute to expand this valuable service 
to its members 


Fair Copying Declaration.._The Royal Society has recently 
issued a new edition of the pamphlet giving particulars of its 
Fair Copying Declaration, to which the Institute is one of the 
signatories. The Declaration permits a non-profit making organisa- 
tion to make and deliver a single reproduction of a part of an 
issue of, for example, Transactions, or any other publication of the 
Institute to anyone who provides proper evidence that he requires 
the copy solely for purposes of private study or research. Copies 
of the pamphlet may be had from the Royal Society by any 
persons interested in it. 


Offers of Papers.._Members of the Institute who are willing 
to read papers at meetings of the Institute or of its Branches are 
invited to send particulars to the Secretary for submission to the 
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Programme and Journal Committee not later than 15 June next. 
Where the complete text of the paper is not available, a short 
synopsis should be sent. 


List of Welding Films.—A list of films on welding and 
allied processes has been compiled in the library of the Institute 
and is available to members, price Is. 6d. (to non-members 2s. 6d.). 
The list contains the exhibition details and brief synopses of 73 
films, which are classified under 13 subject headings. A simple 
reference system enables one to find the name and address of the 
suppliers of cach film. The list should be very useful to teachers 
of welding wishing to find appropriate films on any given aspect 
of the subject 


Handbook for Welded Structural Steelwork...The Structural 
Welding Sub-Committee, which has charge of the new edition of 
the Handbook, met to consider suggestions of members and 
others toward the end of May. It is not, however, too late 
for those who wish to propose changes, improvements and additions 
to send them to the Secretary of the Institute. 

In the meantime, copies of the fourth revised edition are still 
available, price 10s. per copy, post free. This edition incorporates 
a number of important corrections to the formulae on pages 111- 
118 of the fourth edition. Members who have the original fourth 
edition are invited to apply to the Secretary for copies of the 
corrected pages, which will be supplied post free. 


Binding of Transactions.—.Arrangements have been made for the 
binding of members’ volumes of Transactions in black embossed 
leathercloth at a cost of 10s. 6d. each, plus Is. for postage and 
packing. Members wishing to take advantage of this arrangement 
should forward parts, with index, to Mansell (Bookbinders) Ltd., 
41, Britannia Row, Essex Road, London, N.1. 


Reprints.—Reprints of the following papers in Transactions are 
available at the prices named: R. G. Braithwaite and D. J. Davies, 
“Welding in Bridgework and Allied Structures” (paper, illustrations 
and discussion reprinted from the December, 1949, and February, 
1950, issues, price 2s. 6d.); R. Weck, “An Account of M. Henri 
M. Schnadt's Ideas on the Strength of Materials and his Testing 
Methods” (reprinted from the April, 1950, issue, price 2s.) 


Index to Transactions..The index to Volume 14 (1951) of 
Transactions was published and bound in with the April, 1952, 
issue 


Conferences and Meetings...The following are among con- 
ferences and meetings of which notice has been received at the 
Institute recently: 

International Acetylene Association——S2nd Annual Convention, 
Indianapolis, Indiana, 31 March to 2 April, 1952. Papers include 
some on oxy-acetylene welding and cutting. 

Union of International Technical Associations—General 
Assembly, Paris, 27 May, 1952. An administrative meeting. 

British Acetylene Association—Annual General Meeting and 
Annual Luncheon, Connaught Rooms, London, 12 June, at 
12 noon. 

Society of Chemical Industry: Chemical Engineering Group—in 
association with the Koninjlijk Instiuut van Ingenieurs: Chemical 
Engineering Section, and the Netherlands Chemical Society: 
Chemical Engineering Group—Conference on Fluidization Tech- 
nology, 12 and 13 June, 1952, Connaught Rooms, London. 

Deutscher Verband fiir Schweisstechnik EV—Exhibition of 
Welding Engineering and Great Welding Engineering Meeting, 
Essen, 14 to 29 June, 1952. 

Institute of Physics—Fourth Industrial Physics Conference, 
Glasgow, 24 to 28 June, 1952. 

British Welding Research Association—1952 Summer School 
on Welding, Ashorne Hill, nr. Leamington Spa, 16 to 25 July, 1952. 

International Association of Bridge and Structural Engineers— 
Fourth Congress, Cambridge and London, 25 August to § 
September, 1952. 

International Institute of Welding—Annual Assembly, Gothen- 


burg, Sweden, 7 to 13 September, 1952. (See details elsewhere in 
this issue.) 


INSTITUTE NOTES AND NEWS 


Institution of Naval Architects—Autumm meeting in Italy, 
Genoa, Rome and Naples, 25 September to 2 October, 1952. 


Société Francaise de Métallurgie—Journées meétallurgiques 
d’automne, Paris, 20 to 25 October, 1952. 


Further particulars of all the foregoing may be had from the 
Secretary of the Institute 


OBITUARY 


We regret to record the death of the following members of the 
Institute: R. H. Connor-—-Associate-Member—Tyneside Branch; 
G. H. Field, C.B.E..-Member——-Unattached; D. C. P. Willis 
Member-——Birmingham Branch; R. Downs— Associate Member 
South Wales Branch. 


Mr. Gordon Harvey Field was Director of Research of the 
aluminium laboratories of the Northern Aluminium Co. Ltd., at 
Banbury. He joined the Institute in 1937, when he had already 
over twenty yedrs’ experience in the aluminium and aluminium 
alloy industry. 


Mr. Willis, who was the son of J. B. Willis, associated with Sir 
Charles Parson in the construction of his first turbine in 1884, 
had a distinguished career in turbine development. He was 
apprenticed to Richardson, Westgarth and, after serving for 
twenty-three years with C. Parson & Co. Ltd., he joined the staff 
of the English Electric Co. Ltd., in 1946, where he remained until 
his death. He had many patent specifications filed in his own 
name and was associated with the first wind tunnel balance supplied 
to the R.A.F. Establishment at Farnborough in 1933. He was a 
lecturer at Rutherford Technical College, Newcastle, from 1924 
to 1939. 


BRANCH DINNERS 


A further group of Branch dinners and social functions was 
held at the end of March and the beginning of April. First, on 
27 March, the Wolverhampton Branch held its seventh annual 
dinner and ladies’ night, with the Vice-Chairman of the Branch, 
Mr. E. Flintham, in the Chair. The principal guests were the 
President of the Institute, Mr. Howard J. Thompson, and the 
Mayor of Wolverhampton, Councillor James Beattie, J.P., both 
of whom spoke, responding to toasts proposed by Mr. Flintham. 
This is always an outstanding social function, and though it had 
been postponed from the date originally fixed, which was that 
of the King’s funeral, the attendance was a new record at 450. 
Norman Nankervis and his orchestra provided dance music and 
there was a cabaret consisting of an exhibition of ballroom dancing 
by Keith and Hazella. The Branch and especially its Honorary 
Secretary, Mr. J. R. Thomas, deserve the warmest congratulations 
for a splendidly successful evening. 


The Preston Branch held its second annual dinner at the Farmer's 
Arms Hotel, Preston, on 28 March. The Chairman was Mr. W 
Hart, Chairman of the Branch, and the principal guests were the 
Mayor of Preston, Councillor J. W. Taylor, and Mr. Robert 
Jenkins, the Vice-President of the Institute. There was a good 
attendance and speeches were interspersed with an entertainment 
given by R. Frawley & Partners, which was much enjoyed. The 
toast of the Mayor and Corporation of Preston was proposed 
by the Chairman and answered by the Mayor, while Mr. Robert 
Jenkins replied to the toast of the Institute, proposed by Mr. A. J. 
Charnock, O.B.E. 


The Manchester Branch held its annual dinner on 4 April at the 
Reform Club, Manchester, when there was an excellent attendance 
and the guests included Mr. Alfred Neate of the Ministry of 
Supply, the Vice-President of the Institute (Mr. A. Robert Jenkins) 


o 
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INSTITUTE OF WELDING 


BRANCH OFFICERS AND COMMITTEES 
FOR 1952-53 


Below are the results of the elections in 
the Institute's Branches for officers and 
committees for 1952-1953, so far as is 
known at the time of going to press 


Birmingham 

Chairman: ©. L. Railton, A.M.1LE.F 

Vice-Chairman: E. Trafford Willey, 
T.D., M..Struct.t 

Hon. Treasurer’ D. A. Impey, M.A 

Hon. Secretary: W. R. Harper 

Committee: f V Beatson, R J 
Fowler, B.Sc... A.M.1.Mech.F.. A.M 
Struct.E. (ex-officio), H. F. S. Gedge, 
H. V. Hill, M.Sc., A.M.LC.E., S. N 
Oxborrow, R. D. Watson, 8. N. Wilkinson 


Eastern Counties 


Chairman: 1. McGregor (Norwich) 

Vice-Chairman: W. Dunn (Colchester) 

Hon. Treasurer’ F. H. C. Biggs (Col 
chester). 

Hon, Secretary: A. C. Stokes (Ipswich) 

Committee: C. MeL. Cameron, M.1 
Mech.E. (Ipswich), J. A. Edwards (Col 
chester), P. S. Gaul (Colchester), A. T 
Heath, M.1.Mech.E. (Ipswich), H. R 
Hicks, A.M.1.Mech.E., A.M.LP.E. (ex- 
officio) (Ipswich), F. Keating (Cambridge), 
J, Lewis (Ipswich), G. H. Smith (Norwich) 


Fast Midlands 


Chairman’ M. A. Wells 

Vice-Chairman: W.L. Roe, M.LP 

Hon. Treasurer: N. H. Carey 

Joint Hon. Secretaries: G. D. Earl, 
N. Hill 

Hon. Programme 
Heaton 

Committee. C. E. Cobb, A.M.1.Mech 
E., G. Drysdale, A.M.1.Struct.£., H. K 
Ewen, A.M.I. Mech.E., L. Padmore, F. ¢ 
L. Poole, A. H. Scothern, T. D. Scott 


Secretary: A. R 


East of Scotland 

Chairman: M. P. Henzell, A.M.1.E.E., 
A.1.Mech.t 

Vice-Chairman: R. D. Berry 

Hon, Treasurer’ E. R. Roberts, A.M.1 
Mech.t 

Hon Secretary: A G 
B.Sc., A.M.LCLE 

Hon. Branch Correspondent: J.C. Adam 

Commitiee:s W. McAdam, H. R 
McKinstry, J. Stoddart, A.M.1.Mech E.. 
J. F. Wheeldon, D. W. Wright, R. M 
Young 


Thompson 


India 


President’ Sir L. P. Misra, Kt 

Chairman: NS. Daniel, B.Sc., A.L€ 

Vice-Chairman: B. N. Mohindra, B.A 

Hon. Treasurer: B. N. Majumdar, B.Sc., 
AM.LCE 

Hon. Secretary: S. G. Chatterji 

Committee : S$. Basu, B.Sc., A.M.LELE 


(Ind.), J. B. Coleman, D.S. Desai, B.Eng., 
, A.M. Struct.E., 8. Ghattack, 


AM.LC.E 
S. S. Mukherjee, T. R. Shields 


Leeds 


President: A. J. Buttertieid 
Chairman: J, Berry 
Vice-Chairman: C. Brass, A.M.1.Mech 

Hon. Treasurer’ M. W. Parkinson 

Hon. Secretary: R. Archer 

Committee: J. H. Atkinson, E. E, N 
Bernhardt, L. Catton, T 
W. Nicholls, W. Swan (ex-officio), W. J 
Thaw, A. Tordoff 


Liverpool 


Chairman: David G. Jones 

Vice-Chairman: Tom Williams 

Hon. Treasurer: A. ©. Griffin 

Hon. Secretary’ H. R. Cox, M.LN.A 

Cammitiee: G 
J. Day, E. Ford, E. J. Jefferson, G. A. O 
Pridgeon, J. Maddick, G. Woodfield 


Manchester 


Chairman: 1. C. Fitch, A.M.1.Mech.§ 

Vice-Chairman: R. Bushell 

Hon. Treasurer: A. E. V. Grosvenor 

Hon. Secretary: N. A. C. H. Beal 

Committee: J Heeley, 
F.L.M., f 
M.I.Mech.E., H. f 
.. on 


Morgan, J. K. Mortimer, R 


Partridge, A.M.1.Struct.E., J. A. Wright, 


B.Eng., A.M.LELE 


Medway Section 

President: E. Seymour-Semper, M.1I 
Mech.t 

Chairman hs A 
(Mech.) 

Hon... Treasurer and Publicity Officer 
R. L. Gaughan 

Hon. Secretary A. F£ 
A.M.LN.A 

Committee A. O 
Prod.E.. E. S$ 
J. McPherson 


Lidstone, M.S.E 


Barwell, A.M.I 


North-Eastern: Tees-side 


Chairman: D. T 
A.1.Mech.E. 

Vice-Chairman: S$. Walker, B.Com 

Hon. Treasurer: A. Jones 

Hon, Secretary: F. G. Batchelor 
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AUTOMATIC WELDING 


By J. LATIMER 


This paper, highly commended by the examiners for the Sir William J. Larke Medal of 1951, describes the principal types 

of automatic welding machines now in use, comparing their relative merits and drawbacks, and from a detailed 

examination of certain applications to which hand welding might appear to have the advantage, concludes that length of 

run, size of joint, speed of actual welding and economy of electrodes are not the only important factors favouring the 
extension of automatic welding 


INTRODUCTION 


Automatic Welding, as the term is generally used, applies to the 
fusion welding processes. It is in this sense that the term is used 
here 

Much has been written on the achievements of automatic welding 
and there is a general appreciation of its usefulness and range of 
application, although its limiting factors and associated problems 
are not so well known. This paper is an endeavour to point out 
the major problems in design and application and to consider 
some less obvious applications. 

The paper is confined to automatic metallic arc welding and 
does not include the other processes, such as atomic hydrogen and 
argon arc. Many of the points discussed apply generally to auto- 
matic welding, but the main emphasis concerns the continuous 
electrode equipments, because of their wider fields of application 
and interest 

There are different types of automatic metallic arc welding, 
which can be generally classified as follows 


(a) The flux-controlled process, such as the gravity feeding of 
touch electrodes using electrodes of the same size and type 
as made for hand welding; and the “Firecracker” process, 
where again the flux coating determines the arc gap. The 
cut length of electrode used in this case is laid in the joint 
and the current is fed in from one end, the arc commencing 
from the other end. These processes have a limited use but 
lack the advantages of higher speeds and currents associated 
with the following two processes. 

There is the visible arc process, which has automatic motor- 
controlled electrode feeding mechanism and uses a con- 
tinuous electrode of either bare wire, lightly fluxed, or 
heavy flux-coated electrodes 

Then there is the submerged arc process, which has similar 
electrode feed mechanism and controls, but in which the 
molten pool and arc are not visible, being subme ‘ed in the 
powdered flux used. This process uses a higher welding 
current range, with relatively heavier depositions and higher 
welding speeds than the visible arc process. Joint preparation, 
in many cases, also differs from those permissible with 
visible arc processes 


Mention should also be made of the stick feeding machines, 
which have motorised feeding mechanism and automatic motorised 
arc control similar to the continuous coiled visible arc and 
submerged arc processes. Their main disadvantage is that the 
current that can be used, and consequently the deposition rate, 
are no greater than can be used and obtained with hand welding 
and their principal advantage is that any standard hand welding 
electrode can be used. 

All these processes have their fields of application: some are 
more restricted than others and some are only economical on 
special applications 

Of the conventional processes used for general application, 
on plate thicknesses from } in. up to about |} in., the submerged 
arc process is probably the most economical and the fastest on 
the majority of applications. On plate thicknesses below 4 in 
the visible arc process is used on the majority of applications and 
in this range the welding speeds of the two processes are com- 
parable. These ranges of plate thicknesses are not strict limits 
to the two processes, and there are applications in either range 
being done economically by the other process 

On plate thicknesses above 1} in. the submerged arc process 
has been used on a number of applications, and cylindrical pressure 


vessels up to 3 in. thick wall have been welded successfully. 
However, where multi-pass submerged arc welding has been 
done, insufficient information on results exists for a general 
Statement of its suitability or economy. In support of this cautious 
note, interpass annealing has been found necessary on some heavy 
pressure vessels in America, and in this country visible arc has been 
found to be more economical than submerged arc on heavy 
section plates in certain applications. 


The extreme accuracy in plate preparation required with sub- 
merged arc invariably demands machined plate edges, which are 
expensive on large structures of thick section, and can, together 
with the care required in set up, outweigh the advantages gained 
by higher speeds. 


CONTROL EQUIPMENT 


The control equipment of an automatic welder is that which 
replaces the skill and movements of the manual welder. It is 
worth noting how far this is achieved. 


The automatic arc control, to be of value, should at least be 
comparable with the skill of the hand welder in following the 
characteristic fluctuations of the arc. In many equipments to-day 
the automatic arc control and feed mechanism surpass the skill 
of the hand welder in maintaining a steady arc length 


The main advantage of a stable arc is that it makes for better 
quality weld deposits, which might be briefly explained as follows: 

There is an optimum arc length or voltage for any given electrode 
operating with a given welding current. It is highly desirable to 
maintain this optimum voltage. The metal depositing from the 
electrode tip, flux eruptions and gas disturbances in the arc make 
sudden variations in the arc length prone to occur at any instant. 
If the control can correct for these sudden changes and maintain 
a constant arc length, maximum heat continues to be concentrated 
into the area close to the pool, and, more important, the atmos- 
pheric contamination of the metal passing through the arc and 
also of that in the pool is minimised. 

Although automatic controls can be more responsive than 
manual skill, no automatic control yet devised has been sensitive 
and responsive enough to correct faithfully all arc changes. There 
is always a delay in the electrode moving to correct the conditions 
and there are two stages in this delay, viz. (1) an initial change in 
any arc condition must occur to operate as a signal to the control; 
(2) after this there are additional delays due to the inertias of 
mechanical moving parts, gears, clutches, etc. There are also, 
in some equipments, the magnetic inertias of generators or motor 
fields, where time is required for the building up or the changing 
flux strength of magnetic circuits. 

The initiating or signal circuits are usually highly responsive. 
Arc voltage relays can be made to respond to 0-5 volt variations 
in arc voltage, and electronic signal detectors or circuits can be 
made to respond to infinitesimally small variations in arc voltage 
It will be appreciated that these highly sensitive signal detecting 
devices or circuits are of small value, if the subsequent mechanical 
and magnetic inertias are high, giving a sluggish response to the 
electrode movement. The reduction of these latter inertias is a 
major problem in design and development of automatic electrode 
feed mechanisms. 

A comparison of a number of different arc control circuits and 
feed mechanisms is made later in the text, which will give a better 
idea of how different manufacturers have tackled the problems of 
getting a feed mechanism with a sensitive and high response. 

Another essential feature of the control is that governing the 
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travel speed of welding. It is fairly widely accepted that the speed 
of welding or travel throughout the pass should be constant. 
Different passes may, of course, have different speeds. Manu- 
facturers of automatic machines have usually designed their 
equipment with this procedure in mind. Now by comparison, 
the hand welder, Yecause of varying joint preparation, varies his 
speed and sometimes the angle of his electrode to suit the immediate 
joimt contour as he proceeds along the seam. In many cases of 
automatic welding, particularly by the submerged arc, it would be 
a big advantage to joint preparation to vary automatically the speed 
as the arc proceeds along the joint, more nearly emulating the 
hand welding procedure in order to suit immediate joint conditions 
and thus obtain an average higher speed. Devices have been 
experimented with and one or two have had a measure of success 
for particular cases, in measuring the amount of penetration 
and controlling the speed from this, but nothing very reliable or 
suitable for general application has been produced. It should also 
be pointed out that devices for measuring penetration, in addition 
to being complicated, will be costly, which is a further deterrent 
to their development. For the above reasons it should be appreciated 
that in this sense the automatic control falls short of the skill or 
ability of the hand welder, and it therefore becomes necessary 
to revert to the alternative of correct and unvarying joint prepara- 
tion as an essential to automatic welding. If the preparation 
varies, the speed for the whole run has to be dropped to take 
care of the worst section of the joint. This, of course, applies 
particularly to single pass welds or the first run in multipass welds 
and hardly at all to subsequent runs 


Radiation pyrometers travelling along under the seam directly 
below the arc or metal pool can be a measurement of penetration 
With many jobs this is impossible because of inaccessibility, but 
even apart from this in most seams it is impossible to guide the 
pyrometer accurately in the centre of the seam, or, more correctly, 
where it should be, under the hottest spot of the pool. The travel 
control in addition to this needs some indication of the joint 
condition immediately approaching the arc (which the above 
pyrometry signal does not give) to anticipate in some measure 
coming changes. This becomes more apparent with the higher 
speeds of welding. On some joints this indication might be roughly 
obtained by a light cell or cells on the underside, picking up arc 
light through the plate gaps immediately in front of the arc. 
Apart from the difficulties of keeping the light cell clean from dust 
and guiding it accurately, there is the main difficulty of co-relating 
this signal with the pyrometer signal to give the desirable control 
to the travel speed. 


The travel motion is usually obtained by an electric motor 
driving through a gear unit to a table or rollers rotating the work, 
or driving @ carriage carrying the welding head, the work in this 
case remaining stationary. A variation of speed can be obtained 
by any of the well-known variable speed devices; quite often a 
combination of two is used, such as a variable speed motor and a 
change speed gear box, to obtain a wide range of speeds with 
smooth, unstepped variation. Electronically controlled motors 
using grid controlled thyratrons form one of the latter arrange- 
ments used. Also hydraulic motors, some of which are available 
now, give wide speed ranges with stepless variation with almost 
constant torque 
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An advantage of the electric motor for the travel drive is that it 
can be casily interlocked to start travel when the arc is established 
and to stop when it ceases, a condition often required. 


A control which has often been thought very necessary on auto- 
matic equipments is one which will guide the head accurately in 
the centre of the seam, so as to avoid the necessity of accurate 
line-up of the job or relying on the operator to correct for alignment 
along the seam by a manually operated screwed slide or similar 
device. There are means that can be used in certain cases and 


which are fairly accurate only where the variation of joint from 
true alignment is gradual. There is, however, nothing suitable for 
general application, consequently no provision is made in standard 
controls and it must be accepted that to be fully automatic without 
the necessity of guiding, it is necessary to have accurate line-up 
of the job and the joint. On repetition jobs this should be a prime 
consideration in design and method of assembly, but quite often 
it is not. A point not often appreciated by users is that on the 
average fillet weld, for the electrode to be off centre by more 
than 1/16 in. results in a poor weld with lack of penetration on 
one side, and on small fillet welds below 3/16 in. less than 1/16 in. 
off centre will result in bad welds. This is a point which does not 
arise with hand welding, as the hand welder automatically guides 
himself by the joint and is quite often unaware of any deviations 
of it from a straight line. 


There are usually a number of other controls incorporated in an 
automatic welding machine, for clamping devices, positioning, 
and sequencing operations. These, although important, are 
incidental to the main functions of the machine as a welder. They 
are also often peculiar to the particular type of machine or applica- 
tion and a general consideration would be difficult. 


ELECTRODE FEED SYSTEMS 


The systems described below are chosen from those which 
have been used by different manufacturers in standard marketed 
equipments and are therefore worthy of note in that they have 
had a fair period of trial. The fundamental circuits only are here 
described. 


One of the main sources of mechanical inertia in an electrode feed 
system is the driving motor armature, since it usually has the 
highest rotational speed in the whole system. There is always great 
consideration given by designers to reduce its weight as much as 
possible, thus relieving the response of the control to overcome it. 
In most systems it is impossible to obtain the response of the 
system to correct for each load and speed condition, and the 
tendency to hunt on certain portions of the speed range becomes 
greater with the higher inertias in the drive. 

One of the earlier methods, still in use, of reducing the drive 
mechanism inertia is to cut out the armature inertia completely 
by the use of a reversible friction clutch, magnetically operated, 
and controlled by the arc voltage. Variations of speed and reversal 
of direction of feed for the arc striking are effected by periods of 
clutch engagement in one direction or the other. The motor is set 
to run at a constant speed near the average feed speed required. 


The arrangements shown in Figs. 1 and 2 are examples of this 
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type of system. They are two systems used for a number of years 
by two manufacturers in this country. They, or similar systems, 
have also been used by manufacturers in America and Europe. 
They have had a fair measure of success on different sizes and 
type of electrodes. 


Referring to Fig. 1, the operation is as follows: The “arc volt 
relay” coil is connected across the arc in series with a rheostat 
which affords a means of adjusting the arc voltage. The contacts 
of the relay connect to the reversible magnetic clutch coils | and 2. 
These pull the clutch cones | and 2 respectively in contact with the 
clutch disc 3, which through a spur reduction gear drives the 
electrode feed rollers. The direction of feed depends on which 
clutch cone engages disc 3. A low arc voltage causes cone | to 
engage disc 3 and the electrode feeds upwards. A high arc voltage 
causes cone 2 to engage disc 3 and the electrode feeds down. 


In normal operation the arc volt relay, which is a spring balanced 
relay, responds to about 4 volt variations and the vibrating contact 
alternates with short periods of contact between top and bottom 
fixed contacts on the relay. The aggregate periods of contact 
in any one direction in a given time determine the average speed. 


The clutch cones 1 and 2 have their spindles solidly coupled 
together by non-magnetic shafting and are directly coupled and 
driven by the feed motor FM, which is set to a pre-selected speed 
by the shunt field rheostat FM Rheo. Serious hunting of the 
whole system takes place if the feed motor speed is not set some- 
where close to the average feed down speed required, preferably 
slightly above. A change speed gear box is also used to obtain 
the speed range required for different electrodes and welding 
currents. 


In Fig. 2 a sensitive polarised arc volt relay is used. Here again, 
the contacts of this relay P & Q connect to the coils of a reversible 
friction clutch 1 and 2. The coil of the relay in this case operates 
on the voltage difference between the arc and the constant potential 
across section X of the potentiometer P!. The constant potential 
is supplied by the generator Gi. When the arc voltage becomes 
high compared with that across X, the current through the relay 
coil is in direction A, which causes contact P to close. This in 
turn causes clutch gear 1 to engage with the friction disc 3 and the 
electrode feeds down. If the arc voltage remains high, contact O 
also opens, inserting section Y resistance in series with the feed 
motor field and causing the feed motor to jump to a higher speed, 
thus feeding the electrode faster. A low arc voltage compared 
with X causes a current in direction B through the relay coil, 
which operates the reverse clutch gear 2, causing it to engage with 
the friction disc 3. This causes the feed rollers to reverse the 
direction of feed. 


The clutch gears | and 2 are free to rotate on their common 
spindle and are both driven by a common pinion, coupled to the 
feed motor FM through a reduction gear. Friction disc 3 is keyed 
to the common spindle, so also is one electrode feed roller. 


The speed of the feed motor is adjusted on the rheostat to be 
close to the average required. This is necessary to prevent serious 
hunting of the system. The addition of the step-up speed of the 
motor when resistance Y is inserted allows for a wider tolerance 
of pre-set speed but re-introduces the consideration of the 
armature inertia, although in this case it is not as serious as when 
the armature has to perform the whole of the speed variations. 


It will be noted in comparing Figs. | and 2 that in Fig. 1 the 
clutch is directly coupled to the motor shaft, whereas in Fig. 2 
the clutch follows the reduction gear in the drive. This is purely 
a matter of choice in design. The reduced speed of the clutch in 
Fig. 2 is more or less balanced by the clutch parts having to be 
proportionately larger for the higher torques they have to transmit. 


With this type of feed system the inertias of the feed motor 
armature are cut out or, as in the second case, largely reduced, 
but additional inertias of the clutch moving parts are introduced, 
and a still further delaying factor in response is the clutch slip, 
which is proportionately the same in both these cases at the feed 
roliers. For these reasons a good deal of care is necessary in the 
design of the clutch to endeavour to reduce slip, weight and the 
gap between contacting faces. 


It is usually found in practice that a steady arc with some elec- 
trodes is obtained with the relay vibrating contact oscillating 


AUTOMATIC WELDING 73 


fast, making short periods of contact and consequently short 
periods of clutch engagement, whereas with other electrodes a 
slower oscillating movement and longer periods of clutch engage- 
ment are better. 


Changing from one electroce size to snother or a change in 
type of electrode often demands a skilful adjustment of the relay 
sensitivity, which usually lies outside the capabilities of the 
operator. Fortunately, most automatic machines when once 
installed continue to work with one size of electrode. 


System Fig. | can be used with either alternating current or 
direct current welding supply. A rectifier is inserted in the arc 
control circuit with an alternating current supply. The system 





i 
— 
ow 





shown in Fig. 2, because of the reversing current in the arc relay 
coil, can only be used with a direct current welding supply 


Another feed system which has had wide use in both Germany 
and America is one using a reversible variable speed feed motor 
with Ward Leonard type control. Figs. 3 and 4 show two different 
arrangements of this type of system. That shown in Pig. 3 has been 
used by a German manufacturer for a number of years. The feed 
motor FM shunt field is excited from the constant potential 
generator G2. The feed motor armature FM, which drives through 
a spur reduction (not shown) to the feed rollers, is directly 
connected electrically to the variable voltage generator Gl. The 
generator G1 has a double field winding which induces opposing 
fluxes. Field winding A has a fixed excitation, being connected 
to the constant potential generator G2. Field winding B is connected 
across the arc voltage in series with the arc volt rheostat, which 
provides a means of adjusting the arc voltage. When the arc 
voltage is high the flux of field winding B predominates, causing 
the polarity of G1 to rotate FM armature in a feed down direction 
When the arc voltage is low, field A predominates and generator 
GI reverses its polarity, causing FM to feed back. When fields A 
and B are equal, FM armature is stationary, there being no 
voltage generated by Gi. The magnitude of voltage generated 
by GI determines the speed of feed in any direction. The feed 
speed therefore increases in accordance with the value of the 
arc voltage and does not have a series of impulses, as obtained 
on the reversible clutch system. The two generators G! and G2 
are coupled together on the same shaft with the motor M, which 
drives them, forming a composite machine. 


The arrangement shown in Fig. 4 is one that has been manu- 
factured for a number of years by an American company. The 
feed motor FM field in this case agaif has constant excitation, 
being supplied by the constant potential generator G2 and having 
resistances R16 and R17 and potentiometer R22 in series with it. 


The feed motor FM armature drives through a spur gear train 
on to the feed rollers; it is electrically connected to the armature 
of generator G! (usually through a reversing switch not shown). 
The field of Gi is excited by the voltage difference of the arc 
and the constant potential indicated by X, i.c., the drop through 
the motor field, R16 and section of R22. G! field is therefore 
only excited when the arc voltage is greater or less than X and 
the direction of excitation, and consequently the polarity of Gl 
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urmature and direction of rotation FM, are all determined by 
whether the arc voltage is greater or less than X. The arc voltage is 
pre-set or adjustable by the moving contact on R22. The generator 
(3! « driven by D.C. motor MI 


The main advantages of this type of system are its robustness, 
mee there are no delicate relays or clutch wearing parts, and that 
ompared with the reversing clutch type of system the initial arc 
ignal (in this case in the form of a current through the field of 
generator G1), can be multiphed by the generator to effect a quick 
esponse of the feed motor which is proportional to the swing 
of the arc voltage 


The disadvantages are the inertia of the feed motor armature, 
ind the magnetic inertia or delay in the build-up or alteration 
of the field of generator Gil. The multiplied signal has to account 
for these delays for the feed motor response to be in keeping with 
the fluctuations of the arc. The multiplying factor chosen for a 
given arc change is usually only correct for one speed condition 


The tendency will be to lag on higher feed speeds and to overshoot 
on lower ones before the correct speed is obtained. Any one 
setting is, therefore, good only for a limited range of speeds 
Provision is, however, usually made in the circuit for altering 
either, or both, the feed motor field and generator G1 field, so 
that the response or effective amplification of the signal can be 
modified. By this means a fair range of electrodes and welding 
currents can be accommodated 


Comparing these two systems, that shown in Fig. 4 offers an 
easier means for altering the sensitivity and response of the system 
to given arc volt changes. It can, however, only be used with a direct 
current welding supply. That shown in Fig. 3 can be used with 
either alternating or direct current welding supply. A rectifier is 
inserted in the are circuit when an alternating current supply is 
used. In Fig. 3 special care is necessary in the design of the 
generator Gl to prevent a transformer effect between the two 
tied windings A and B. This effect, if present, tends to prevent 
any change in the field flux conditions and would, therefore, be a 
further delay in the response of the system 


There is also another advantage with this type of system, 
compared with the reversing clutch system in the mechanical design 
of the welding head, where it is the aim of all manufacturers to 
reduce the weight and size as much as possible. In this case a 
straight reduction gear between feed motor and feed rollers is all 
the mechanical drive necessary. With the earlier clutch system 
provision has to be made for housing and mounting the clutch 
coils and discs in the welding head 


ELECTRONIC CONTROLS 


With the introduction of electronic controls to industrial 
applications it was to be expected that manufacturers would 
endeavour to use them for automatic arc welders, where the 
inherent higher sensitivity would be of great value. Successful 
controls have been developed and are now being used on standard 
equipments both in this country and America 


Compared with the previous systems discussed, the main 
advantages of this are, briefly: (1) Delays due to relay operation 
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and build-up of motor and generator fields are eliminated. (2) The 
magnitude of amplification is directly proportional to the are 
variation and the response can be made more nearly correct 
over the whole speed range, so that the inertia of the feed motor 
armature is of less importance and subsequent adjustment is not 
necessary for any change in electrode or current setting. (3) The 
circuit make-up facilitates casy modification, as for altering the 
multiplying factor or introducing corrections for hunting or 
similar unwanted effects. (4) The operator has only one control 
to adjust, namely, the arc voltage potentiometer 


An, example of this type of system is shown in Fig. 5, which is 
one now being used in this country on standard equipment 
Thyratron valves are used in controlling the speed and direction 
of the feed motor armature FM, which is coupled to the feed 
rollers through a worm and spur reduction gear 


Referring to Fig. 5, the feed motor FM shunt field has constant 
excitation from a direct current supply or rectifier (not shown) 
The armature FM is fed from transformer T1, through thyratron 
valves Th! and Th2, which are connected back-to-back so that 
Th! conducts one half cycle and Th2 the succeeding reverse half 
cycle of the alternating current supply from Tl. The current 
from Th! causes the feed motor FM to feed down and that from 
Th2 causes it to reverse and feed up. When the currents from Thi 
and Th2 are equal in magnitude and duration, the forward and 
reverse impulses in the armature FM are obviously equal and 
the armature is stationary. When the currents through the two 
thyratrons are not equal, the armature rotates in the direction 
of the greater impulse and its speed is proportional to the difference 
of the two. Maximum speed in any direction is with one thyratron 
fully conducting for the whole of one half cycle and the other 
thyratron not conducting at all. The control which is described 
later is such as to vary the periods of conduction of each thyratron 
with the arc variations, so that the speed varies according to the 
arc demands. 


The thyratrons used in this case are of the hot cathode mercury 
vapour type. It perhaps should be mentioned that a characteristic 
of a thyratron is that when the negative grid voltage is raised in 
a positive direction to its critical value where conduction com- 
menced through the valve, the grid immediately loses control 
and cannot regulate or limit the current, even though moved 
back to its previous negative potential, so that the grid operates 
purely as a trigger on the firing of the valve. Conduction continues 
until the plate potential drops to zero or to a negative value and 
then the grid voltage can gain control again, a condition which 
applies each time the plate passes through zero potential at the 








pAMAMAL ARAL! > 
VOVERET TEND 


To te Seely a 
er 


E 
3 
3 








end of each half cycle. The conduction or firing of the valve can 
be triggered off at any point during each half cycle by time delaying 
the raising of the grid potential with respect to the plate potential, 
appropriately known as phase shifting the grid potential with 
respect to the plate 


In this circuit, the phase shifting of the grid potential is accomp- 
lished by the use of transductors TD! and TD2, a specially designed 
inductive component with a double winding, in which the reactance 
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of the secondary circuit is varied by varying the current in the 
primary 


It will be seen that the arc voltage to the control circuit is passed 
through a rectifier Rf!. Potentiometer P! is very large compared 
with R10 and section X of P3, so that most of the arc voltage is 
imposed across PI or to a slightly less amount across grids | 
and 2 of the double triode valve V1. The section X on P3 is the 
reference voltage or set arc voltage, which can be pre-set to any 
desired value. Whether grid | becomes more, or alternatively less, 
negative than grid 2 is determined by whether the arc voltage 
is less or greater than the reference voltage on P3. The total current 
through V1 does not vary; as the current on one side increases, 
the other decreases. If the arc voltage increases above the reference 
voltage, grid | instantaneously becomes more positive and grid 2 
more negative, more current passes through transductor TDI, 
and correspondingly less current through transductor TD2. The 
effect is to reduce the reactance of the circuit associated with TD! 
secondary and in consequence the grid of thyratron Th! becomes 








Fig. 6 


more in phase with its plate potential and a longer period of 
conduction takes place during the feed down half cycle. The reverse 
is the case with Th2 and it therefore has a correspondingly reduced 
period of conduction. The nett result is that the feed motor 
accelerates to correct for the increase in arc voltage 


The other components shown are incidental to the main function 
of the circuit. The Tacho Generator T9 operates as a stabiliser 
in the are circuit and C1, X1, R1 and R2 are part of the smoothing 
circuit of the rectified direct current supply. 


This system of control can be used with either alternating or 
direct current welding supply. 


Finally, in considering feed systems and controls, one arrange- 
ment which is worthy of note from the standpoint of reducing the 
mechanical inertia and giving a wide speed range is that of using a 
differential drive with two feed motors. The system described 
below in Figs. 6 and 7 was being used in Russia in 1940, and a 
similar system, I think, is now being used in America on inert gas 
welding equipment 


Referring to Figs. 6 and 7, the drive is the same in both, but the 
electrical control of the feed motor M1 differs. 


To describe the system, refer to Fig. 6. Of the differential gears 
comprising bevels a, 6, c, d, planetary gears c and d are free on 
their respective spindles, which in turn are carried by the centre 
block frame ¢. This block frame e forms part of the feed roller 
spindle. Gears a and b are also mounted on the feed roller spindle 
but are free to rotate on it. Gears a and 6, however, are solidly 
coupled to two worm gears, which are driven by two worms 
mounted on shafts of feed motors M1 and M2. M2 is an alternating 
current constant speed motor. M1 is a variable speed direct current 
motor, whose armature is energised by the arc voltage and its 
field is constantly excited 


When the speeds of MI and M2 are equal, gears a and 6 drive 
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¢ and d equally, so that the latter rotate on their spindles as shown 
by the arrows, and frame ¢ remains stationary; consequently the 
feed roller does not rotate, the motors balancing each other. 
With the appearance of a high arc voltage M1 speed exceeds M2; 
a and 6 now drive ¢ and « unequally and the difference of the two 
motions causes frame ¢ to rotate and the feed rollers rotate in a 
feed down direction, tending to correct the arc length. The feed 
roller speed and direction depend on the relative speeds on M1! 
and M2. 

The ratio of c or d to a or b is 1 : 2 and worm gear 10: |, so 
that about 10 r.p.m. variation between M1 and M2 causes | r.p.m 
of the feed rollers. It will be appreciated that mechanical inertia is 
reduced to a minimum when such a small variation in motor 
speed produces | r.p.m. difference of the feed speeds. With the 
previously discussed systems to produce the same variation of feed 
roller speeds, i.e. | ¢.p.m., a motor speed variation of from about 
100 to 120 r.p.m. is necessary. 


A further advantage of the system is that feed motor M1 lends 
itself easily to other forms of control, such as Ward Leonard or 
electronic. Fig. 7 shows a Ward Leonard control circuit for this 
system. The arc voltage varies generator G1 field in this case and 
the generated voltage of G1 supplies the feed motor M1! armature 
An amplification of the arc voltage variation can thus be obtained, 
giving a quick response to MI. The direction or polarity of the 
field of G! does not change, as it does in the systems described in 
Figs. 3 and 4, and for this reason the magnetic delay or magnetic 
inertia of the field is relatively smaller than in those systems. 


The disadvantage of this system compared with the previous 
ones considered are mainly physical. The welding head is much 
larger and more bulky with the two feed motors and also the whole 
of the gears in the differential have to take the full torque of the 
feed rollers, which makes them relatively large compared with 
much of the gearing in the previous systems. It is also advantageous 
to have the motor capacities large enough, so that any serious speed 
regulation with load does not occur. 


For open circuit striking conditions an additional resistance 
(R2 in Fig. 6 and RI in Fig. 7) is inserted to limit the current 
from the are voltage supply. Immediately a current is established 
in the arc, the reactor volt drop causes contactor Cl to close, 
cutting out this resistance. The lower voltage of the arc is then 
imposed directly on to the control. 


Both the systems shown in Figs. 6 and 7 are suitable for use with 
alternating or direct current welding supply. 


The control systems just described are fairly representative of 
those in use. There are, of course, others and there are a number of 
patented systems which might appear to be equally suitable. 


ARRANGEMENT OF FEED MECHANISMS 


Before leaving feed mechanisms and controls, mention should 
be made of their arrangement. It is usual in standard equipment 
to split them up into three or four different units, intended to be 
convenient for mounting on any arrangement or type of machine. 
It also enables them to be built in quantity and stocked for 
convenience of quick delivery. The arrangement of these units 
although fairly standard now is, of course, always open to dispute, 
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and there are a number of users who find they cannot conveniently 


use the standard units for their projects. This is particularly true 
of the “operator's controls” units 


The different units generally comprise (a) the welding head, 
(+) the operator's controls, (c) the main electrical contactor panel, 
id) the control supply unit 


(a) The welding head usually contains the whole of the electrode 
feed mechanism, including the feed motor, and clutches when they 
are used. It also has a nozzle directing the electrode to the work, 
which usually contains the welding current contacting brushes. 
lor the heavier electrodes an electrode straightener is mounted 
at the top of the head, guiding and straightening the electrode 
into the feed rollers and nozzle. There is also some means of 
adjusting the direction of the nozzle, so as to guide the electrode 
into the seam. This adjustment, in some designs, moves the whole 
head; mn others, a section of the head only with the nozzle. The 
weight and size of the welding head could be reduced without this 
adjustment. It appears, however, to be necessary on most applica- 
tions and has come to be regarded as an essential feature of the 
welding head. It could be provided for separately but the overall 
size would probably be increased. Other fine adjustments such as 
vertical and horizontal adjustment often fitted to machines are 
not considered essential portions or features of the welding head. 


They are provided for separately as separate slide components 
attached to the head or head mounting 


(b) The operator's controls as a standard unit are usually in the 
form of a panel which can be mounted conveniently for the 
operator. It contains all the switches, control rheostat, etc., for 
the different machine operations 


On some equipments the controls, or some of them, are mounted 
composite with the welding head, with others in a panel separately 
This arrangement is convement for a large number of applications, 
but if adopted as standard debars applications where the space for 
the head is restricted and where it is necessary to control at a 
distance from the head 


On many machines it has been found convenient to depart 
from the standard panel and split the controls up, mounting them 
or some of them separately 


ic) The main electrical contactor control panel containing all 
the electrical apparatus is usually in cubicle form for either wall or 
floor mounting, whichever is thought more convenient 


(d) The control supply unit usually takes the form of a separate 
M.G. set or rectifier unit, supplying a low voltage direct current 
(60 to 100 v.) for the whole of the control circuit, direct current 
supply being preferred for the variable speed motors. The low 
voltage is necessary, as most welding heads have to be insulated 
from earth to prevent shorting the welding current supply, hence 
the feed motor and clutch coil casings cannot be earthed. It 


therefore becomes necessary to use a low voltage on them for 
safety 


A full appreciation of the various control components makes it 
possible for any user or prospective user to plan the arrangement 
of his own machine and more co-operative guidance and instruc- 
tions can be given to the machine maker. Manufacturers of 
automatic machines quite often are not informed of the production 
line system and routing of components, and therefore guidance of 
this kind in machine layout is a great assistance 


ELECTRODES 


The continuous electrode has obvious advantages, but in making 
it fully fluxed for automatic use the difficulties surrounding its 


development are much greater than with hand welding electrodes 
of the same class 


With hand welding electrodes the welding current is introduced 
at the end of the electrode by some kind of clamp, usually in the 
form of an electrode holder. With the continuous electrode the 
current has to be introduced while the electrode is fed past the 
point of contact, consequently some kind of sliding brush becomes 
necessary. The sliding brush is placed as near the arc as practicable, 
so that the high currents used produce as little heating as possible 
in the length of electrode before the arc 
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Bare electrodes as used with submerged arc and bare wire visible 
arc welding (the latter is still in use on some automatic applications) 
present relatively little difficulty with the sliding contact, as the 
whole surface of the electrode can be used for contacting the 
sliding brush. There is, however, still a limit to the current that 
can be passed with these electrodes, depending on the size or area 
of the brush and the pressure applied to it, and on the cleanliness 
of the surface of the electrodes. 


With the flux-coated electrode for automatic welding the major 
design problem is that of feeding the current into the core wire 
from sliding brush contacts on the outside. The flux coating itself 
is non-conductive. Various arrangements have been tried, such as 
making the core wire a steel tube with the flux inside the tube, 
wrapping the flux on in the form of a tape immediately before the 
arc and after the sliding current brush, and slotting the flux 
coating of the electrode, with brushes contacting the core wire 
through the slot. The present, more popular arrangement is to 
place a spiral wire or braided wire on the outside of the core 
wire and compress the flux into the spaces between the spirals. 
The current is passed from the sliding brushes to the core wire 
via the spiral wrapping wire. 


All these constructions leave part of the core wire uncovered 
by flux with a consequent greater risk of atmospheric contamina- 
tion. The last-mentioned construction with the spiral wrapped wire 
minimises the uncovered core wire and the exposed ridges are 
fairly evenly distributed over the electrode surface. 


However, the solution of the problem of feeding in the welding 
current introduces the second major problem, which is to achieve 
a sufficient flux covering for complete protection of the arc and 
pool of molten metal. The fins or spin wire employed to pass the 
current to the core wire being of necessity metallic and becoming 
part of the weld deposit require an additional flux in proportion 
to their quantity, but at the same time they occupy space on the 
electrode that would normally be occupied by the flux. The use of 
higher currents in automatic welding necessitates heavier flux 
coatings than would be required with hand welding currents, 
so the problem is aggravated. 


The solution to this dilemma necessitates the use of a double 
layer of spiral wires or braid or the use of a specially shaped 
core wire. 


The above points describe some of the added difficulties in 
developing continuous fluxed automatic electrodes, Notwith- 
standing these difficulties, standard automatic electrodes are 
being made using currents of the order of twice those used for 
hand welding for a given size of electrode. 


It is unlikely that continuous fluxed electrodes will be made in 
larger sizes than with 2-gauge core wire for the following reasons: 


(1) Electrodes of a larger diameter than 2-gauge become 
increasingly difficult to make. The flux coating is subjected 
to a much greater amount of stretching and compressing 
than on the smaller diameter electrodes, when coiled on to 
and unwound from a spool of reasonable size. 


The welding head feed mechanism needs to be more powerful 
and consequently larger to pull the electrode off the reel, 
straighten it and push it through the current contacting 
brushes. This would make the welding head larger and the 
mechanical inertia of the moving parts higher, adding 
problems and limits in design and application. 


While many of the difficulties cited above for continuous fluxed 
electrodes do not apply to submerged arc electrode development, 
there are difficulties associated with the flux of this process, both 
in use and in storage. It must also be remembered with this process 
that there are other difficulties associated with guiding the electrode 
in the seam under the flux pile. 


For submerged arc welding the currents used for a given size 
of core wire are about 5 to 8 times those used for hand welding. 


It should be pointed out that on at least half the applications 
it is impossible to use the maximum current of which the electrode 
employed is capable. This is true both of submerged arc and of 
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continuous fluxed electrodes; this limit is set by the joint preparation 
or material thickness forming the joint and not by the electrode. 

The relatively high cost of production of special electrodes, 
such as stainless and high alloy steels, is one of the main deterrents 
to their development and manufacture. It is in this field that the 
stick feeding machines using standard type hand welding elec- 
trodes will perhaps in future prove most economical. 


APPLICATIONS 
In the application of automatic arc welding there are a number of 


limitations not experienced with hand welding. To begin with there 
are no continuous automatic electrodes so far made which are 

capable of welding in the vertical or overhead positions and 
consequently machines have never been developed. 


There is again a limit to the size of fillet that can be welded in 
the horizontal vertical position; a position which is often required. 


This limit is a fillet size with approximately § in. leg. Above this 
size, with most electrodes, both hand and automatic, it is of course 


impossible to hold the pool in a central position and the results 
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ure Odd legged fillets failing towards the lower plate, but with 
automatic it ss impossible to weld multipass fillets in this position, 
1s 1s done by hand welding, without a serious reduction in speed 


ul welding current, so forfeiting any advantages over hand 
wchding 


Joints, both fillet and butt, have to be more carefully prepared. 
Small gaps between plate edges which can easily be negotiated 
in hand welding are a source of trouble and usually loss of speed 

automatic welding. To make full use of the higher speeds 
obtainable with automatic welding, joints should be consistently 

lose fitting throughout their whole length and, where possible, 
well backed. With veed butt joints it is often necessary to put a 
caling run ip at the back of the vee first, to form a backing for 
he first run of automatic welding. Also machined U or double U 
preparations are often a necessity 


\ further consideration which has to be given to joint preparation 
i that the jount must be lined up with the run of the welding head. 
I’ there is a divergence of the two, more work is thrown on the 
© erator in correcting it, or mechanical guiding devices have to be 
fi'ted, and these are only good where the divergence is gradual 
and relatively small. These devices, in addition to increasing the 
price, will also increase the bulk of the welding head, which, in 
many cases, would be inconvenient 


With vertically undulating or inclined joints rising gradients of 
vu) to about 1) in. in 24 in. can be welded, It becomes more difficult 
tc ho'd large pools on such gradients. The preparation of the joint 
and the type of electrode used are factors affecting this limitation. 
A point not always appreciated, however, with automatic machines 
is that between certain limits the arc can follow a joint rising or 
undulating in a vertical plane towards or away from the electrode 
nozzle. The space under the nozzle tip is the only limiting factor. 


The capability of an automatic arc in welding successfully over 
sudden obstructions, such as tack welds, depends on the sensitivity 
ind response of the feed mechanism and control, and also on the 
speed of travel along the joint. It is not practicable to vary the 
speed when welding over such obstructions, as might be done in 
hand welding. Consequently care in preparation has to be taken 
with such obstructions 


The following examples have been particularly chosen to 
demonstrate some factors which can determine the economic 
ipplication of automatic welding where the actual speed of 
welding or deposition is of secondary importance. 


Long straight butt or fillet welds, whether longitudinal or 
circumferential, are obvious choices for automatic welding, so 
ilso is a Small job whose seams can be fed through continuously 
under a welding head or in large clamped batches, making in effect 
one long seam, but consider the case of the welded plate girder. 
Its construction is well known and does not need illustrating. 
In order tg*restrict distortion during welding and also to facilitate 
casy Sttind. the transverse stiffeners are placed and tack welded 
into position before heavy welding on the flange-to-web fillets 
commences, The fact that the transverse stiffeners are in position 
prevents a continuous run on the flange-to-web fillets with an 
sutomatic machine. With fillet sizes above ? in. leg only one head 
can be used and the weld has to be positioned for a down-hand 
weld. Consequently, to minimise d.,ortion, the procedure will 
necessitate a series of turnovers of the girder to weld alternate 
sections On each side of the web 


At each transverse stiffener the head has to be raised and 
lowered into the next section. To do this efficiently demands a 
motor operated or air cylinder operated head slide. Because 
also of the dimensions of the nozzle and in some cases the clearance 
required on the head, automatic welding cannot commence or 
finish right at the corners of cach transverse stiffener. On shallow 
stiffeners less than 4 in. deep a nozzle clearance of at least 3 in 
from each corner is required; on deep stiffeners a head clearance 
of approximately 9 in. is required. The welds from these clearance 
points into the corners have to be done by hand welding 


On submerged arc welding the clearances are higher because of 
the flux nozzle size 


The welding of the stiffener-to-web fillets has similar limits, 
but in addition, for fillet sizes above ¢ in. leg, where the girder 
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has to be tilted to present a normal down-hand weld, welding is 
impossible on all except short girders, being limited by the shop 
head room and the available adjustment of the automatic welding 
head. 


When all these various points are considered, together with the 
advantages. of speed with automatic welding, it will generally 
be found on a time basis that there is an economic limit of a run 
length of about 4 ft. between stiffeners. Below this length of Tun 
it is uneconomic to use automatic welding. This is almost irrespec- 
tive of electrode and fillet size. Consequently there is little to be 
gained in automatic welding a girder with, say, 5 ft stiffeners 
On deep stiffeners, where head’clearance instead of nozzle clearance 
is required, the ecofiomic yninimum will no doubt be higher, 
probably about 6 to 7 ft. stiffeners. This, of course, is a 
general conclusion which can only be taken as a guide. : 


An exception to the above is where distortion is a problem and 
where automatic welding is adopted purely to minimise it. 


As an example of a similar type of joint on a different structure, 
consider the welding of tee and angle stiffener bars on to railroad 
mineral wagon bodies, as illustrated in Figs. 8 and 9. Owing to 
the size and type of jig required to hold the job with its possible 
inaccuracies and difficulty of locating and clamping the stiffeners 
accurately, the economy of automatic welding at first seemed 
doubtful. Furthermore, the possible increase in welding speed or 
deposition rate by automatic welding was not particularly 
encouraging. As shown later in the text, the estimated hand 
welding time for cach 40 in. long pass was six minutes and the 
automatic welding time was five minutes. In this case the welds 
are j in. fillet (leg length) and the length of run is 40 in. The machine 
illustrated consists of a motor operated rotating jig on to which 
the folded “U-shaped end of the wagon body is located and 
clamped, as shown, together with the stiffener bars which are also 
located by the clamps. The jig is indexed so that it turns through 
90 deg. with each operation of the push button. A gantry carriage 
straddles the jig and has a transverse track, on which are mounted 
two travel carriages, eath carrying a pair of automatic welding 
heads with their necessary positioning adjustments. The* travel 
carriages are motor driven and have indexing limit switches, 
enabling a number of different settings of the heads to be obtained 
quickly for the different positions of the stiffener bars. 


The gantry carriage is motor driven at welding speed, and also 
has a high positioning speed of 26 ft./minute. The gantry carriage 
has to be run off clear of the jig (as shown in Fig. 9) to enable 
the latter to be turned to a new position. One of the detrimental 
features of the machine is that it is impossible, in the space, to 
get all the heads on one starting line, so that the left-hand heads 
have to be started first, and then, when approximately a foot of 
weld has been done, the right-hand pair. Thus the actual welding 


time is prolonged, but even so the time for the run shown is 
4-50 minutes. 


Now to compare welding the same run of four welds by-hand, 
using the same jig. The estimated hand welding time using 4gauge 
electrodes for each 40 in. run is 6 minutes. The tee bars are 2 ft 
9 in. apart. In the small area it is impossible to get four hand 
welders each welding one run of weld. Two operators are the 
most that can be accommodated without getting in each other's 
way, consequently the total hand welding time, if both operators 
start and finish together, is 12 minutes. With the automatic 
machine the total welding time is 4-50 minutes and one operator 
only is used. At the completion of the welds on one side, the 
hand welders would have to-move off the jig (just as the automatic 
heads have to be moved), and there is nothing gained from hand 
welding in the changeover, except that lining up the heads to 
commence the weld run can take up to approximately one minute 
longer than a pair of hand welders take to commence welding; 
but it is doubtful how consistently hand welders could work 
throughout the day in starting to weld immediately the jig is 
turned. The size of the job does not lend itself to a close control 
of a hand welder’s movements in this way. However, compromising 
and conceding half-a-minute quicker start with hand welding on 
each turn of the job, the difference in time is now 12 minutes to 
5 minutes, a saving by automatic of 7 minutes. There are three 
sides to be welded per component, so that the total saving per 
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Fig 9 


component is 21 minutes in time and one operator, or for each 
wagon which has two ends 42 minutes and one operator 

The main advantage here is gained by getting four automatic 
welding heads operating in a space where it is doubtful whether 
two hand welders could work together comfortably 


NELDED AXLE BOX 
The application of the welded wagon axle box shown in Fig. 10 
is also One which at first appears doubtful as an economic proposi- 


tion for automatic welding. The machine shown here is one of a 
group of six. The axle box shown mounted in the jig is made ur 
of a }-in. pressed U-shaped section forming the bottom and sides, 


which is butt welded to the forged spring seat. A dust shield is 
formed of two pressed j-in. x 3/16 in. plates first welded togethe: 
and then to one open end of the box. Two heavy channel guides 
are welded to the outside of the box throughout their whole length 
and an oil well top plate of } in. sheet is welded along one end 
where it projects on the cover end of the box. Two bearing location 
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blocks are projection welded to the inside of the box first, before 
the various units come on to the automatic welders. No weld 
on the box is longer than 11 in. and the weld lengths vary from 
? to 11 in, Four different types of jigs are required for automatic 
welding. There are 13 welds altogether and four of them are corner 
welds where, owing to the small backing in the joint, the welding 
current has to be kept as low as that which would be used with 
hand welding. The various welds are six } in, fillet welds each 11 in 
long, two } in. vee butt welds 10 in. long, three 4 in. corner welds 
7¢ in. long and two } in. corner welds 10 in. long. It should be 
noted that the small corner welds where the current is limited 
to hand welding values total 41 im., is 32 per cent. of the total 
welding length on the box. They are, however, small compared 
with the other fillet and butt welds. Consequently the proportion 
of total welding time where hand welding might be equal is smaller 
than the length of weld at first suggests 


As a hand-welding project it might be possible to do all the weld- 
ing on three different jigs. This roughly reduces the handling time 
in the ratio of about 4:3 in favour of hand welding, but the 
automatic machines are arranged with double loading jigs, so that 
welding is almost continuous, one jig being reloaded while the job 
in the other is being welded. Although the additional loading 
Operation exists and labour has to be provided for it, it does 
not affect the production time in any way. 


A particular drawback to automatic welding in this and similar 
cases is the number of starts required, in this case 13 in a total 
length of 104 ft. of welding. A hand welder can strike an arc 
in less time than it takes to position an automatic head and strike 
the arc, and in a case like this a hand welder could decrease this 
striking time by about 15 to 30 secs. 


The estimated hand welding time for the whole job is approxim- 
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ately 13 minutes. The actual automatic welding time is 5-6 minutes. 
If an additional half minute is allowed for each of the 13 striking 
times, the total automatic welding time is 5-6+6-5 minutes = 12:1 
minutes. This comparison shows very little saving, | minute only 
with automatic, but an important point is that this is a continuous 
process, in which, if hand welding were adopted, the operator 
would be starting a fresh weld about every 80-90 seconds, and at 
the end of each 10 in. or 11 in. run would have to turn the jig 
to a fresh position and so on continuously. The fatigue on the 
operator would be very high and the estimated hand welding 
times could not be kept up. With automatic welding the fatigue 
on the operator is reduced considerably, as he can concentrate on 
changing the jig position and can almost forget about the welding 
operation after commencing the arc. The arc is automatically 
switched off at the end of each run. Another important factor in 





this particular case is that the whole of the six automatic machines 
are operated almost entirely by apprentice and semi-skilled labour, 
which can be adopted with automatic welding, but not with hand 
welding. 


In considering all points, viz., (a) the additional loading time 
but its not affecting the production rate; (5) the fatigue on the hand 
welder with his possible inability to maintain the saving of half a 
minute on striking times, or even the estimated weld times, for 
long periods; (c) the use of semi-skilled labour; (d) the consistent 
results to be obtained with automatic welding, the advantages lie 
with automatic welding. There is, in addition, of course, a slightly 
higher welding speed and the economy of using a continuous 
electrode. 


A point worth stressing in this and the previous case is that all 
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plate components are blanked out on a press. The U-shaped box 
sudes and bottom, and the U-shaped dust shield plate are press 
formed. Similarly on the previous example the U-shaped wagon 
body end was press formed. By this method, and I think only by 
this method, can repeated accuracy be maintained on mass produc- 


tion jobs bke thes. This is very necessary for the success of automatic 
welding 


ANOTHER MASS PRODUCTION JOB 


Finally, consider the application in Fig. 11, which is an auto 


natic machine welding the bumper brackets on to a motor-car 
front suspension tube. The inset view shows a close-up of the weld 
area. The components are first tack welded together on a separate 
jig before being presented to the automatic welding machine. 
The fillet sive is about } in. and the automatic welding speed is 
about 20 in. a minute, The total length of weld is 6} in. A hand 
welder on this size of job could possibly complete the weld as 
quickly as the machine, if the job were motor driven as shown 
here. Again, for hand welding the assembly jig used for tack 
welding the components could be developed to be also the welding 
jig, thus saving the time for reloading in one jig. Without going 
into details of welding speeds, it can be proved that the overall 
loading and hand welding time or floor-to-floor time is shorter 
with hand than with automatic welding. 


This again is a mass production job. Short trials with one or a 
few components are probably little guide to the average results 
over long periods. Nor is the average hand welding speed with a 
given electrode much guide to the actual welding time. On highly 
repetitive operations like this (the welding time is only 15 to 20 
seconds), where the loading time may equal or approach the 
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welding time, and where the operator has a number of hand 
movements, such as the putting down and taking up of welding 
pliers and possibly hand shield or flap screen, and the changing 
of the jig, it is first of all n:ticed that the efficiency of the welder 
drops off rether sharply, as compared with a hand welder working 
on a long scam. The welder in this case, when he settles down, 
usually concentrates consciously or otherwise on one operation. 
such as the reloading operation and relaxes in the other, such as 
the welding operation. | think the choice is whichever he feels 
convinced gives him the highest efficiency, but a relaxing period 
seems necessary 


In automatic welding, except for initiating the arc, the operator 
pays little attention to the welding and usually waits concentrating 
on the time for reloading or change over. Fatigue is thus reduced 
and the drop off in loading times is consequently reduced. The 
maximum welding speed is, of course, maintained by the machine 


An important factor with automatic applications on small 
repetition jobs like this is to ease as far as possible the necessity 
for the operator to concentrate on the various operations, particu- 
larly the welding operation, and it therefore becomes essential 
that successive components should be identical and jig locations 
and clamps accurate, so that there shall be no necessity for the 
operator to adjust the head on successive components or during 
welding. To have to do so not only increases the fatigue, but also 
loses time in the operation. 


These exampies serve to show that the length of the run, the size 
of joint, the speed of welding and electrode economy may not be 
the important factors in deciding whether or not a job is a good 
automatic application. 


DISCUSSION 


The President, Mr. Howard J. Thompson, said he thought it 
would be agreed that Mr. Latimer had made an excellent survey 
and had shown great knowledge of his subject 


In his own experience, two things stood out. The first was the 
quality of the weld, which was of primary importance. People 
tended to think that automatic welding permitted so many more 
welds a minute and that it could be done at a colossal speed; 
but the first consideration should be quality. Secondly, it had 
been found that a qualified welder need not be employed to 
operate an automatic welding machine. An intelligent man, given 
a thorough instruction in the operation of the machine, did better 
than a qualified welder. With due respect to the latter, he had 
preconceived ideas, but with automatic welding machines instruc- 
tions were supplied by the makers, Hand welders had, of course, 
to be employed as well, because there were many awkward jobs 
which could not be done automatically 


Some of the problems tackled by Mr. Latimer were fairly 
complicated and some were small jobs. There would, however, 
appear to be endless cases where automatic welding could replace 
hand welding. Much depended, of course, on having a long run 
and being able to get sufficient steel to keep it going 


Mr. R. G. Braithwaite suggested that Mr. Latimer had been too 
modest in comparing hand and machine welding times. He had 
mentioned a rate of 40 in. of hand welding in six minutes. What 
size of electrode was used and what current? According to his own 
calculations, which were very rough at the moment, he would 
say that six minutes was the arcing time and not the “pay” time 
for a welder downg an ordinary day's work 


His general experience of work of this kind showed that some- 
thing like four times the output of manual welding could be 
expected, with a complicated set-up, from an automatic machine 
On the continent, where larger-size work was done and where 
more automatic machines were employed, the equivalent of 
twelve times the amount of hand welding had been accomplished 


With regard to plate girders, he did not think it necessary for a 
plate to be welded up with stiffeners in position. By means of a 


suitable arrangement of jigs, the main welding could be put in 
first and the stiffeners afterwards. It was a matter of design and 
of a correct approach by the designer. He had spoken about this 
on many occasions and he did not intend to enlarge on it. It 
would not, however, be possible to economise in time if only 
4 ft. of seam were done at a time by automatic welding with the 
stiffeners in. Mr. Latimer had not made this point, but perhaps 
it was covered in the paper, which members had not as yet had an 
opportunity of reading. For automatic welding, the design and 
lay-out of the operations must be such as t6 permit the maximum 
use of the equipment. One did not want to work to the same 
pattern as in the more normal hand welding process. 


With regard to the allowance of half-a-minute for striking the 
arc, this was~—he realised—-a difficult problem. The machine came 
down; the arc did not fire; and consequently there was_a little 
delay. The electrode stuck and the operator had to switch off, 
cut out, and start again. But surely this could be eliminated by 
means of some device or other? In these days of electronics, it 
should not be impossible to devise means of injecting a spark to 
ensure instantaneous ignition. In his own concern, the difficulty 
was overcome by the simple expedient of placing a little steel wool 
or swarf from the drilling machine immediately over the point of 
strike. This gave instantaneous ignition, but it was a subterfuge 
and not automatic welding. Had the author considered a device 
to inject a spark and ensure instantaneous ignition immediately 
the electrode struck? 

At the beginning of the paper, the author said that the control 
of the arc was probably better than control by the operator. 
He had not made the point, however, that the automatic machine 
had not the power to direct the path of the arc to the same extent 
as had the welder. As he had pointed out, if there were any devia- 
tion in the arc--if the seam wandered off its position, as it well 
might do-—the machine had to be adjusted by manual means. 

The author had pointed out that exact fabrication was necessary. 
This should be emphasised with any welding process. Even with 


hand welding it was well to give very careful attention to joint 
fit-up and everything else 


The President said that one idea had often struck him. In looking 
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at an automatic weld, one saw what looked like a perfect weld, 
but one could not, of course, look inside to see how perfectly it 
was done. He always liked to compare automatic welding with 
gas cutting. A plate gas cut automitically, as compared with 
one gas cut by hand, showed a perfectly straight line, and this 
suggested that automatic welding was the same. With all due 
respect to the human element, one had a perfect mechanical line, 
and one was bound to get a very much better job. In hand welding 
with single electrodes, there was always the point where one 
electrode finished and another started, and this made a rather 
ugly blob. Nor was it good practice to weld on a weld, as one had 
to do with the second electrode 


Automatic welding had, he thought, a very great future. The 
author had not mentioned submerged arc welding, the Aircomatic 
process and so on. But there was no doubt that great strides had 
been made. A great deal of flash welding was done in industry, 
and many miles of pipes were made by pressing a button and 
flash welding. That could be called all-automatic, but the strides 
now being made with automatic welding in all its forms were 
outstanding 


Among the latest developments were the Argonarc and Aircomatic 
processes, which were a great step forward in the welding of alu- 
minium and stainless steel. Some of those present might be 
interested in oxyacetylene, but he thought that in time the new 
process would supersede oxyacetylene welding for straight runs, 
because it made a perfect job. He had seen it in operation some 
two years previously at a research laboratory in New Jersey. 
The joint was perfect, appeared like a soldered job and was one 
of the most beautiful welds he had éver seen. He felt quite sure 
that this process would be employed in the future. Unfortunately, 
the cost was high. In America the cheaper helium gas was available 
in place of argon gas. However, a very much better job could be 
done in welding stainless steel and aluminium. Over there he had 
seen the welding of some terrible mixtures of high tensile steels 
about 1} in. thick, as well as the welding of copper and different 
alloys. It was of tremendous advantage in the latter cases 


One would not use the process, of course, for normal mild steel 
welding, as it was too costly. At present there was no competitive 
process for the automatic welding of, say, gauges from 14 up to 
} in., of a type similar to the fusion arc. In America, he had seen 
as low as 14-gauge mild steels being welded by the submerged arc 
process. As members were aware, however, this put a big bead on 
the weld which had, in many cases, to be cleaned off. There seemed 
to be some scope for a competitive process for the welding of 
mild steel 


One great advantage of the Argonarc automatic welding process 
was the very smooth weld. In many articles, it was necessary to 
grind off the weld afterwards to make a perfectly smooth finish 
and polishing might also be necessary. It cost three times as much 
to grind off as to weld, so that although welding might cost more, 
there would be a saving on the grinding. Grinding was a terrible 
job in any case, and it was hard on the men; moreover, it was 
difficult to get an automatic grinder. The hand operator might 
easily dig into the plate and make irregular recesses 


Dr. W. 1. Pumphrey asked whether it was because of mechanical 
or metallurgical troubles that the automatic welding device could 
not be used for positional welding. 


Mr. H. Martin congratulated Mr. Latimer on taking the war 
into the enemy camp and quoting examples which obviously 
favoured hand welding. With short runs on complicated jobs 
where the current had to be limited because of the position of the 
weld or the thickness of the material, the exponent of hand welding 
could make out a very good case for the opposite argument 
Better jigging and perhaps a belt conveyor, might enable these 
short-run jobs to be done competitively by hand welding. 


He had been very interested in the diagrams of circuits, and in 
this connexion he would like to have Mr. Latimer’s advice on the 
clutch linings used on the bevel edge clutches. If a lining were not 
used, was there a tendency to develop flats due to spinning on the 
larger wheel? 


He would also like to know what were the respective merits of 
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alternating current and direct current in automatic welding and 
whether the elimination of arc blow by the use of alternating 
current was worth while 


Mr. Latimer, in reply, said that he must apologise for rushing 
over many points in his summary of the paper 


Mr. Braithwaite had asked about the rate of 40 in. of hand 
welding in six minutes. This was the actual arcing time. It was 
done on a quarter-inch fillet in the horizontal/vertical position 
and the figure was supplied by the people who bought the machine 


It was possible with automatic welding to get up to ten and 
twelve times the speed of manual welding. This was usually 
achieved, by the ability of the machine to travel accurately at 
high speeds, on heavy plate by very high currents and on very small 
welds, where it was impossible for a hand welder to control at high 
speeds, especially if he had to move himself along the joint instead 
of the joint moving under him. This wide difference between 
manual and automatic welding occurred with both thin gauge 
plate and heavy plate, and on this point he agreed with Mr. 
Braithwaite. The purpose of showing these examples, however, 
was not particularly to demonstrate the high speeds achieved 
but to bring out some of the other points of advantage in auto- 
matic welding. 


With regard to the plate girder, he could only speak from his 
own experience. Numerous applications had been considered for 
plate girder welding, but in no case had it proved possible to 
persuade the user to leave out the transverse stiffeners. Even 
proposals to tilt the flanges back or to try to hold them in a jig had 
met with no success. The usual excuse was, “We shall never get the 
transverse stiffeners in if we do not put them in first. The flanges 
will buckle and make it impossible.” If Mr. Braithwaite had 
developed a process and had found that he could weld throughout 
the whole length on flange to web fillets, it would be useful if he 
would notify all the other manufacturers in the country, as this 
would ease the position for automatic welding considerably ! 


This example was intended to show that even where automatic 
welding might appear ideal, with a plate girder the increased speed 
of welding automatically might be offset by delays in manipulating 
the head many times and filling in the corners with hand welding. 


As to the half-minute quicker start with hand welding, the 
example shown where this was allowed was the welding of an 
axle box. It often happened that an operator standing on one 
side of the job could do better and more consistent welds by 
bringing the machine back to the same starting-point. These 
machines would run from one end of the job to the other and then 
reverse and run back. In practice it was found that about 60 per 
cent of users failed to take advantage of this. They returned to 
one starting point for cach run and ran in the same direction. 
This took longer and added to the time taken in setting the head 
and striking the arc. Furthermore, positioning the head exactly 
where one wanted to start with the automatic machine, it usually 
took some seconds for the electrode to contact the plate. The arc 
was struck, the electrode reversed, and the arc was established 
at its correct length. When it was established, and only then, its 
travel commenced. A hand welder with a pair of pliers hung on a 
hook with an electrode loaded could strike an arc and commence 
travel more quickly. He had probably been lavish in allowing 
half-a-minute in this particular case. In the case of the wagon 
body, where he had not gone into details, it could easily be shown 
that the arc striking by manual welding could commence more 
quickly, but whether the operators could maintain it consistently, 
he did not know and doubted 


He had tried to emphasise the fact that the hand welder could 
easily direct the arc. He moved the position of the electrode and 
sometimes played on one plate more than the other when travelling 
along a seam. This could not be done so easily with automatic 
welding. The head could not be manipulated or the speed of travel 
altered so quickly on an automatic machine, and as it was also 
undesirable to do either, it became a necessity to make very much 
more carefully prepared joints for automatic welding. 


In reply to the President, he said that although the weld might 
be more perfect with an automatic machine, it was still necessary 
to set the job carefully to obtain the best results, and that might 
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involve a few trials before the desired result was obtained. Once the 
job was set, however, it could be maintained accurately over long 
periods. In fact, it could be set continuously, and that was the main 
advantage. The hand welder could, he presumed, produce equal 
results under given conditions, but consistency counted in such 
a case 


A question had been asked about the clutch linings on the 
cone-shaped clutches. These particular clutches were case- 
hardened steel; and although the contacting pressure was of the 
order of 40 to SO Ib., there was, over a fairly long period of two or 
three years, no sign of flats. Clutches of this kind had been used 
for longer periods. People in the motor car industry were con- 
tinually using them, day in and day out, and it was found necessary 
to renew them every two or three years 


He did not think he could say a great deal about the relative 
merits of alternating and direct current. It depended almost 
entirely on the design of the electrode. As regards the quality 
of weld produced, if a designer designed an electrode and found 
it more suitable for direct current, he would probably advocate 
that. On the other hand, another designer might go out purposely 
to produce electrodes suitable for alternating current. 


As regards arc blow, particularly on circular welds, it was 
definitely better to use alternating current. On longitudinal joints, 
except for the actual ends of the weld, arc blow was not particularly 
troublesome. In corner butt welds, direct current could be the 
downfall of the job, and even with magnetic compensating blocks 
on either side of the weld it was pretty troublesome to get rid 
of the arc blow. Here again, the automatic electrode had to be 
positioned in a downhand position, whereas the hand welder could 
get round these troubles more casily by angling his electrode a 
degree over one side or the other or varying it as he went along 


In comparing hand welding with automatic welding he had 
probably, he thought, been generous to hand welding speeds 
with the idea of bringing out certain points for consideration. 
On most applications, if automatic welding could not be shown 
to produce increased speed, it was condemned. Personally, he would 
rate highest the fatigue of the operator. Any saving here was an 
economy, though speed of welding was undoubtedly a further 
advantage. Among other considerations were the number of 
welding heads that could be put in a given space (for instance, on 
the wagon body), as compared with the number of hand welders, 
and also the consistent production rate 


As to the positioning of a welding head, he had not followed the 
question entirely 


Dr. Pumphrey said that what he wanted to know was whether 
there were any reasons why automatic welding should not be used 
for vertical welding. Must it always be used in the downward 
Position” 


Mr. Latimer said that up to the present no electrode had been 
made for welding in a vertical or overhead position. Again, 
machine difficulties were numerous, and it would probably be ruled 
out on account of high initial costs. A vertical weld would have 
to be of reasonable length to enable a machine or rack of some 
kind to be hung up and allow the welding head to be propelled in 
a vertical direction. To guide the head the operator would have 
to go up and down with it except on a short run, and a short 
run would not be an economical proposition. The question 
whether automatic welding could be carried out in a straight 
run with a close controlled arc or whether it was necessary, as in 
hand welding procedure, to draw the arc out slightly or oscillate 
it vertically while welding, remains unanswered. The same con- 
sideration applied to the overhead position. It was the doubt on 
this point and the lack of investigation that had prevented machines 
and electrodes being developed. 


Mr. C. C. Bates asked the author whether, in his opinion, the 
shape of the weld bead and the longitudinal appearance of the 
weld were any indication of the homogeneity of the weld, as he had 
found cases in which a smooth even bead from an automatic 
covered electrode weld had indicated worm porosity. 


Secondly, he asked whether the author favoured a fixed backing 
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bar or a moving slipper back-up for automatic welding of thin 
plate material. 


Finally, he asked the author what developments were taking 
place in this country with respect to semi-automatic welding 
equipment with which welds could be done manually in the vertical 
and overhead positions. He believed, speaking from memory, 
that existing continuous electrodes, according to B.E.A.M.A. 
classification, could be used in more than the downhand position. 


Mr. Latimer said that the shape of the bead and the undulations 
on the top of the weld longitudinally in metallic arc welding gave 
very little indication as to the homogeneity of the weld. The 
appearance of the metal belied it. In some of the quieter welding 
processes such as the atomic hydrogen process, for example, a good 
deal of information could be obtained from the appearance of the 
surface of the weld 


With regard to backing bars, there were a number of arrange- 
ments which were quite suitable. The slipper type, which travelled 
along underneath the arc, ensured the same contact along the 
whole of the seam. Its usual disadvantage was, that being con- 
tinuously under the arc, it needed water-cooling—which was often 
a probiem. 


Copper was mainly used under metallic arc welding, although 
ordinary mild steel could be employed. Copper in a single bar would 
never contact the full length of the joint. To do so needed tre- 
mendous clamping pressure to bring the job down on to it. 


A better arrangement was to use a series of copper segments 
spring-loaded or pneumatically loaded underneath the job. Seg- 
ments of the order of 4 to 6 in. long would be quite useful and 
effective, and they were as good as the sliding slipper in contacting 
the underside of the joint 


Semi-automatic equipments were made in 1934 or 1935 by the 
concern with which he was associated. They used a light-coated 
electrode. They were marketed for a while but found very little use. 
The difficulty with the semi-automatic type of electrode for fusion 
arc welding of steel was the limit to the size of rod that could be 
used. It had to be put through a hose or flexible conduit of some 
kind, feeding it into a hand tool which the operator moved along 
the joint. The curvature of the hose added considerably to the 
friction of feeding the electrode. In addition, there might be—and 
usually was—additional friction of the contact brushes in the hand 
tool and a fairly high-powered motor was needed, which again 
added inertia to the whole control system. To get a close control 
arc with an eight-gauge fluxed electrode was extremely difficult, 
because of speed of feed, handling variations and heavy friction 
drag on the electrode. 


Some semi-automatic systems used very small gauge wire, 
of the order of 1/16th or 1/8th in. diameter, which was much easier 
to feed and control, but with these electrodes much current had 
to be pumped in to equal the deposit of a six-gauge or four-gauge 
hand-welding rod. Progress was nevertheless being made by various 
companies now with semi-automatic machines. There appeared 
to be a fairly big demand for semi-automatic equipment in many 
applications, especially inside large constructions, where it was 
often impossible to get an automatic machine down to the job. 


One particular case that came to mind was that of the wagon, 
the ends of which he had shown. The whole of the inside welding 
could have been done by a semi-automatic tool. 


Mr. Bates said that one application that had come to his notice 
was a circular storage tank with a continuous circumferential 
weld. That would be ideal for semi-automatic welding. 


Mr. Latimer said that a platform would be needed to house the 
driving mechanism. The welder could be away from it but in a 
tank of that size one could not expect the run from the driving 
mechanism to the hand tool to be longer than 12 or 14 ft. Anything 
greater became quite a big problem in drive mechanism. 


Mr. H. O. Willrich said that he understood that submerged 
arc and Aircomatic equipment was now being made without 
complicated controls, electronic or otherwise. A constant wire 
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feed was being tried out, on the assumption that cach diameter 
of wire had a characteristic burn-off rate which, when combined 
with a suitable drooping characteristic of the current supply unit, 
made it possible to keep 4 constant arc length, thus doing away 
with intricate automatic controls. Was there any possibility of 
achieving this with straight metallic arc welding? 


Mr. Latimer said that some of the standard automatic equip- 
ments—he had particularly in mind the clutch drive mechanism 
were free to operate as self-regulating systems. The motor was 
set at a constant speed and the arc voltage relay, if it was con- 
tacting the top contact (that was to say, the feed down contact 
on the relay), was feeding forward at a constant speed. The condi- 
tion of self-regulation was not peculiar to the Aircomatic 
process. The arc characteristic might be of a lower value, but it 
intersected the drooping characteristics of the welding generator 
at an angle very similar in character to the standard metallic arc. 
The standard metallic arc could therefore be self-regulating 


The success of the Aircomatic process depended on two main 
factors: (1) One was the high speed of feed, which was somewhere 
between 100 and 700 in. a minute feed down of the clectrode 
The intensity of current allowed this to be achieved. The time 
for correcting a variation in arc length was therefore relatively 
small with these high speeds. With the metallic arc welding process 
using a fiuxed electrode the feed down speeds were of the order 
of 10 to 40 in. a minute and the time for changing a given arc 
length was relatively longer, so much so, that the arc could 
extinguish during that period. 


(2) Again, with the aluminium rod in the Aircomatic 
process, the voltage variation for a given arc length change was 
relatively small compared with metallic arc. For instance, with the 
average current used with the Aircomatic process-—between 200 and 
290 amps.—to increase the arc length from 0-2 to 0-3 in. required 
an increase in arc voltage of less than 2 volts. With metallic arc, 
on the other hand, a change in arc voltage of the order of 6 volts 
would occur. In the Aircomatic process, if the arc were lengthening 
slightly—which it could do under the operator's manipulation 
there was very little change in the arc current or voltage. Conse- 
quently, the arc was not disturbed by small variations in length. 
With the metallic arc, small variations in length caused consider- 
ably more disturbance. For instance, at 6 volts the amount of 
current and the burn-off rate would alter considerably. A further 
factor was the size of droplet coming off the end of the aluminium 
rod in the Aircomatic process. It was, he thought, relatively small 
compared with the metallic arc rod. 


” Mr. Willrich pointed out that it was spray with the Aircomatic 
process 


Mr. Latimer said that the size of the droplet could disturb the 
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whole of the arc stability, but there was still no reason why the 
metallic arc should not be self-regulating. It was the two factors— 
high speed and relatively small disturbance in the arc for arc length 
changes—-which made the Aircomatic process self-regulating. 


Mr. Willrich said that the feed down speeds in the submerged 
are process were more of less similar to that of Aircomatic 


Mr. Latimer agreed, but pointed out that in the submerged arc 
process there was still the problem of arc voltage change with 
length, although the feed speed was considerably greater than in 
the open arc process 


Mr, Willrich said that in the submerged arc process there was the 
same phenomenon as in the Aircomatic process with the droplets 
coming over in spray and not in globules. 


Mr. Latimer said that he had not seen any confirmation of this. 
It might be the case, but there was no proof of it as far as he knew. 


Mr. R. G. Braithwaite, who moved a vote of thanks to the 
author, said that the Institute was very fortunate in having a paper 
of this category for inclusion in its records. Very little published 
information was available on up-to-date modern automatic plant. 
He wondered what was wrong with the industry in that it had not 
created some demand for what must be a very necessary tool in 
manufacturing processes. Some fifteen or sixteen years ago, when 
the Institute was developing, the question of research had been 
taken up with the authorities. Committees were instituted for spot 
and resistance and butt and flash welding and a lot of people 
asked very vigorously what was going to be done about automatic 
metallic arc welding. They were told that there was no demand, 
and this was virtually the position not only in this country but also 
in America and on the continent. There was no upsurge of demand 
from manufacturers for this tool. They simply accepted what was 
produced. Nobody had demanded automatic arc welding, which 
was more flexible than the machines at present in use 


While the Institute was fortunate, as he had said, in having the 
paper, he must commiserate with the author because he had 
chosen this year to present it, a year when competition for the Sir 
William Larke Medal was very keen. This was the first year for a 
long time when there had been so many first-class papers and 
assessors must have found it very difficult to make a selection. 


The President, in associating himself with Mr. Braithwaite’s 
remarks, said that the Institute was very glad to welcome Mr. 
Latimer as the runner-up for the Medal and thanked him for his 
paper and the interesting discussion it had provoked. It was 
obvious that he was a past master in his subject. 





BOOK REVIEW 


American Welding Society: Safe Practices for Welding and Cutting 
Containers that have held Combustibles. Pp. 12, illus, 8vo, 50 
cents. (1951.) 


Whilst the leading oil and petrol companies of Great Britain 
recognise the precautions that must be taken, the dangers that are 
attendant when repairs by means of welding and gas cutting are 
carried out on vessels which have contained combustibles are 
unfortunately not so well recognised as one would expect. Probably 
more unfortunate is the lack of knowledge of the safety precautions 
that should be taken before such repairs are allowed. Consequently 
this revision of a standard first published in 1940 is worthy of study 
by the users and manufacturers of such containers, and particularly 
by individual welders who may be called upon to execute such 
work. ‘ 

The information concerning the 
in such detail that the veriest 
mendations given, should 


contained combustibles quite safe and in a satisfactory condition 
for repair by means of welding or flame cutting. Both the hot 
chemical and steam cleaning methods are described, whilst the 
actual precautions to take while the welding or cutting is being 
carried out, such as filling the container with water or an inert 
gas, are likewise fully described. Both of these cleaning methods 
and similar precautions are carried out by the leading manu- 
facturers of this country. 


An appendix describes in detail suitable apparatus for use in the 
gas testing operation, to make sure that the container has been 
completely purged. Although the Larner Gas Sampler Apparatus 
so described may be quite effective, it is considered that the 
electrical type explosimeters that are in use in this country would 
be more efficient when testing vessels for gas after they have 
contained such fuels as petrol. 


There is no doubt a definite need for information on how to 
execute repairs on vessels or containers that have been con- 
taminated by carrying combustibles and this standard will un- 
doubtedly help towards achieving the desirable end. 7 
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DESIGN FOR C. 


WINNING 


On pages 86-87 we reproduce the design submitted by Mr. W. H 
Stubbs, Graduate, winner of the first prize in the 1951 C. W. Hill 
Competition. Mr. Stubbs chose from the alternatives offered 
by the examiners “the re-design for welding of a mild steel riveted 
pressure vessel, 7 ft. dia ©) ft. long.” The following is a 
shortened version of the paper accompanying Mr. Stubbs’ design 


DESIGN CALCULATIONS 


The riveted vessel had been designed in accordance with B.S.S 
429: 1931--Riveted Steel Air Receivers. The corresponding 
specification for the construction of welded air receivers is B.S.S 
487 : 1949-Fusion Welded Steel Air Receivers,’ on Which the 
following design has been chiefly based. Before considering the 
method of fabrication and types of joints to be employed, it is 


necessary to know the thicknesses of the tank plates. These are 
obtained as follows 


Thickness of Cylindrical Shell Plate 


Six grades of vessel are considered in B.S.S. 487, but only 
grades A and C will be considered here 


Grade A specifies heat treatment and weld tests 


Grade C specifies weld tests only 


The vessel is to work at a pressure of 130 Ib. per sq. in. and 
reference to Fig. 4 will show the principal dimensions and plate 


quality 
If grade A were used the thickness of the plate would be 17/32 in 
If grade C were used the thickness of the plate would be 19/32 in 


However, the saving in material cost by using grade A is found 
to be less than the cost of heat treatment 


Grade C will, therefore, be employed 


Thickness of Dished and Flanged End Plates 


If diepressed ends are used with a radius of 72 in., } in. plate 
will be required. However, by the use of “Large Knuckle Radius 
Rotarprest Heads” a considerable reduction in thickness is obtain- 
able. According to a well-known maker's catalogue, a standard 
head will have the following properties 

Inner radius of curvature of the end = 72 in 
Corner radius 12 in 


Head of semi-elliptical form of 2 : | proportions. 
P prof 


This head is designed in accordance with Lloyds Rules for 
Welded Pressure Vessels and the plate thickness required is 9/16 in 


The same thickness plate as that used for the shell will, therefore, 
be employed 


The external depth of the head without flange is found to be 
20-56 in 


Tank Fittings (see page 87) 


The various tank fittings will be designed as follows: 
, 


2 in. Weldless Steel Stand-Pipes 

Assuming that flow resistance is of secondary importance, it 
will be cheaper to use standard tubing other than taper pieces 
B.S.S. 806: 1942 Class A tubing is sufficient for the pressure 
requirements, the flange details being drawn up from standard 
tables. The openings in the head do not require compensating, 
as they do not exceed the diameter allowed by B.S.S. 487 
(244+ 23 ind 


Manholes; 16 in 12 in. 


Cross-section of compensating plate must have an area not less 
than the cross-sectional area of the hole in the shell (longitudinal 
axis), i.e. from detail on drawing, area required < (13-5 x 0-59 in.) 

7-96 sq. in. 


Area supplied = (11 75 in.) = 8:25 sq. in. 


6 in. Weldless Steel Stand-Pipe 


The same details apply for the tubing and flange as for the 2 in. 
stand-pipe 
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This connexion will require a compensating plate. From the 
detail on the drawing, area required = (6°69 in. x 0-59 in.) 
3-95 sq. in. 


Making use of the cutting from a manhole compensating plate, 
Area supplied = (5-06 in. x -75 in.) plate + 2(2 in. x 9/32 in.) tube 
(3-79 + 1-125) sq. in. 
4-915 sq. in. 


The welds connecting the 4 in. dia. socket to the shell and those 
connecting the aforementioned fittings are generally in accordance 
with those detailed in B.S.S. 487. 


Main Welds In Shell 


The welding detail given on the drawing complies with the 
requirements of B.S.S. 487. 


NOTES ON FABRICATION 


Having completed the design of the welded vessel, it is now 
necessary to plan its progress through the fabrication shops, so as 
to produce a sound and economical product. In describing this, it 
will be assumed that the tank is to be constructed in a well-equipped 


workshop, which is laid out for the production of this type of 
vessel 


Fig. 4 shows that the cylindrical shell and the dished and 
flanged ends are butt-welded at the joints. Two other types of 
joint may be considered: (a) the lap-joint and (5) a combination 
of the butt and lap-joint. In deciding which type is to be adopted, 
it is only necessary to compare the details shown in Fig. 1. 


Nothing favourable can be said of the lap-joint when it is 
compared with the butt joint proposed, and amongst the dis- 


advantages of such lap-welded construction would be the 
following: 


(1) wastage of plate material in the formation of the laps; 


(2) wastage of electrodes and welding time, as it would be 
necessary to deposit two 19/32 in. fillets in weld metal, as 
compared with the relatively small amount of weld metal 
required to fuse the two butting plate edges together; 


the fillets forming the lap joint would be more difficult 
to deposit than the butt welds, either by manual or auto- 
matic means; 
(4) difficulty would be experienced in forming close lap joints; 
(S) secondary stresses are caused by the eccentricity of the laps; 


(6) a lap-jointed vessel is inferior in appearance to one of 
butt welded construction. 


The butt welding of thick plating presents two chief difficulties 
(1) accuracy is required in set-up; 
(2) joints usually require profiled plate edges. 


The first difficulty may be largely overcome by the use of auto- 
matic, straight-line flame-cutting machines, which will form the 
clean, straight edges necessary for close butt welding. Profiled 
joints are not necessary when deep penetration electrodes are 
employed. In order to avoid delay in the assembly shop, and in 
view of the limited access to the inside of the vessel, internal 
welding must be done by hand, whilst the external welding may 
be more efficiently carried out by machine. 


Having decided in favour of butt-welded construction, the actual 
production must be considered. For economical production, the 
workshop must be laid out in departmental order, so that a 
continuous flow of materials and components may be maintained. 
For this particular vessel, the raw materials, i.e. plates and dished 
ends, will first be moved from the stockyard into the marking-off 
bay. In an adjacent bay, they will next undergo machine and 
hand cutting to the required sizes. Flame cutting will be sufficiently 
accurate for the shell plating and dished ends. 


The shell plates will then be rolled to the required diameter, 
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and the butting edges clamped in position to maintain circularity 
Meanwhile, the branch flanges and the } in. dia. hyd. socket should 
be machined to the finished dimensions 


Eventually the various components will converge in an assembly 
bay. Angle stays, which have been forwarded with the other 
components, will help to maintain the circularity of the shell-plates, 
which will then be brought together, one by one, between longitud- 
inal guides (Fig. 2). Each shell plate should first have been checked 
for circularity and tack welded along its seam. (Note: light gauge 
electrodes should be used for tacking, the tacks being small, but 
sufficient to hold the plates in true alignment, and_ preferably 
located on the outside of the vessel.) A light hand-operated screw- 
jack will be useful, should any adjustments be necessary when 


aligning the plate edges. The dished ends and other fittings may 
then be added to the assembly 


On completion of the assembly, the vessel, complete with 
temporary internal stays, will be transferred to the hand-welding 
department. Here the vessel should be mounted on suitable hand- 
operated trunnions (Pig, 3), the joints examined and wire-brushed. 
Care should be taken to minimise distortion during welding. A 
plug should be fitted to the } in. dia. socket. The various fittings 
should be welded first, using medium penetration electrodes, The 
internal longitudinal seams may then be welded with deep 
penetration electrodes. The last operation in this department will 
be the welding of the internal circumferential seams by means 
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circumferential movement. Once more the external longitudinal 
seams should be welded first (single pass), the ends of each scam 
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CONCLUSION 

it is interesting to note that the calculated weights of the shell 
and dished ends only are: Riveted vessel, 159} cwts., welded 
vessel, 1514 cwts. From these figures it will be seen that welded 
fabrication has saved § per cent. in the weight of plate material 


Nevertheless, it is somewhat surprising that B.S.S, 487 requires, 
even for a stress-relieved vessel, a shell thickness equal to that of 
a closely drilled riveted vessel of the same capacity 
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Latest Additions to the Library 


A‘ a supplement to the Library catalogue, this section of the Transactions contains particulars of books and pamphlets 
added to the Library during the second quarter of 1952. The books, pamphiets and periodicals specified are 


available on loan to members of the Institute. 


Publications preceded by an asterisk are donations to the Library from authors or publishers; those preceded bya 
dagger are donated by the James F. Lincoln Arc Welding Foundation. 


BOOKS AND PAMPHLETS 


“ALUMINIUM DEVELOPMENT ASSOCIATION 

(a) The heat-treatment and annealing of aluminium 
and its alloys. illus. 1951. (information Bulletin No. 3.) (>) 
Proceedings at a Symposium on welding and riveting 
larger aluminium structures. filus. 1952. (The papers 
on welding comprise: “Recent researches on the arc welding 
of thick aluminium plate,” by P. T. Houldcroft, W. G. Hull 
and H. G. Taylor; “Practical aspects of the argon-arc welding 
of aluminium alloys,” by J. R. Handforth.) Publishers: Alu- 
minium Development Association, 33, Grosvenor Street, 
London, W.1!. Price: (a) 2s.; (b) 4s 


*BRITISH CONSTRUCTIONAL STEELWORK 
ASSOCIATION 

The application of the plastic theory to the design of 
mild steel beams and rigid frames, by F. A. Partridge. 
Examples of structural steel design to conform with the require- 
ments of B.S. 449: 1948. (B.S oA Publications Nos. 3 and 4.) 
1951. Publishers: British Constructional Steelwork Association, 
York Mansion, 94-98, Petty France, London, $.W.1 


“BRITISH ELECTRICAL AND ALLIED MANUFAC. 
TURERS ASSOCIATION (INC.) 
Forty-first annual report, 1951-52. Publishers: B.E.A.M.A., 
36, Kingsway, London, W.C.2 


BRITISH IRON AND STEEL RESEARCH ASSOCIATION 
Annual report of Council, 1951. Publishers: British tron 
and Stee! Research Association, ||, Park Lane, London, W.!. 


BRITISH STANDARDS INSTITUTION 

(a) 639: 1952.—Covered electrodes for the metal-arc 
welding of mild steel (12 s.w.g. (3/32 in.) and larger, 
for hand operation). (b) 1845 : 1952.—Filler alloys for 
brazing (silver solders and brazing solders). (c) 1856: 
1952. Danse! requirements for the metal-arc welding 
of mild steel. Publishers: British Standards Institution, 24, 
Victoria Street, London, $.W.1!. Price: (a) 4s.; (b) 2s.; (c) 5s. 


*B.T.H. ACTIVITIES 
Published bi-monthly by the British Thomson-Houston Co. 
Ltd. Vol. 23, no. |, 1952, to dete 


*CITOGENE 
Revue technique editeé sous tes auspices du “Comité 
de Recherches de la Holding Intercito.” Vol. |, no. |, 
1952, to dote. (This periodical contains papers on welding 
applications carried out by means of electrodes manufactured 
by Oerlikon.) Publishers: “Citogéne,”’ 4, Chemin de Valfaye, 
Lausanne, Switzerland 


“COPPER DEVELOPMENT ASSOCIATION 

C.D.A. No. 23.—Copper in chemical plant. C.D.A. 25.— 
Copper pipe-line services in buildings. C.D.A. 38—Copper 
alloy resistance materials. C.D.A. 42.—Copper ——e 
and weatherings. C.D.A. 43.—Copper and its alloys in 
engineering and technology. C.D.A. 47.—The welding, 
brazing and soldering of copper and its alloys. Publishers: 
Copper Development Association, Kendals Hall, Radlett, Herts. 
Supplied free of charge to those giving evidence of responsible 
status or genuine interest 


“UCHS, E., and BRADLEY, H. (Editors.) 

Welding Practice. Vol. Ul.—Welding of non-ferrous 
metals. tilus. 1952. (This volume has been written by past 
and present members of the Welding Panel of imperial Chemical 
Industries Ltd. Vol. Ill deals with the metallurgical character- 
istics of non-ferrous metals, together with welding procedures 
by various processes. A section is devoted to the brazing of 
ferrous and non-ferrous metals.) Publishers: Butterworths 
Scientific Publications, Bell Yard, Temple Bar, London, W.C.2. 
Price: 22s. 6d 


G.B..-MINISTRY OF LABOUR.—FACTORY DEPART- 
MENT 


Memorandum on electric arc welding. 5th ed. revised, 
1951. (Form 329.) Publishers: H.M.S.O., York House, Kingsway, 
London, W.C.2. Price: 9d. 


“INTERNATIONAL NICKEL CO. INC. 
Fabrication of Monel tanks for boats: water, gasoline, 
fuel oil: recommendations and suggestions on metal 
thickness, joint type and welding process. Illus. 17 pp. 
(1952.) Publishers: International Nickel Co. Inc., 67, Wall 
Street, New York, 5. Available at the Mond Nickel Co. Ltd., 
Sunderland House, Curzon Street, London, W.!. 


KLOSSE, E. 
Schweisstechnische Berechnungen. Illus. 1951. (Werkstatt- 
bicher, Heft 102.) Publishers: Springer-Verlag, Berlin. For sale 
at Lange, Maxwell & Springer Ltd., 41-49, Neal Street, London, 
W.C.2. Price: 6s. 4d. 


tJ. F. LINCOLN 
incentive management: a new approach to human 
relationships in industry and business. 195!. Publishers: 
The Lincoin Electric Co., Cleveland 17, Ohio. Price: | dollar 
50 cents. 


LLOYD'S REGISTER OF SHIPPING 
Rules and regulations for the construction and classifica- 


tion of steel ships. Ilius. 1952. Publishers: Lloyd's Register 
of Shipping, 71, Fenchurch Street, London, E.C.3. Price: 42s. 


{SAXE, VAN RENSSELAER P. 
Manual of structural welding practice: Saxe system 
welded connection units for welded assembly. Iilus. 
4th ed. 1951. Publishers: Publication Press inc., 200, North 
Bentalou Street, Baltimore 23, Maryland, U.S.A. 


SHIP AND BOAT BUILDER 
Year Book, 1952. Publishers: John Trundell (Publishers) 
Ltd., Temple Chambers, Temple Avenue, London, E.C.4. 
Price: 30s. 


"STEEL FOUNDERS SOCIETY OF AMERICA 

1) Fundamentals of steel castings design; by C. W. 
riggs. (2) General engineering types of steel casti 
classified according to tensile strengths. (3) Cast w 
construction, by J. O. Felt. (4) De ments concerning 
the properties of cast steels. (5) The steel castings 
industry. Publishers: Steel Founders’ Society of America, 
920, Midland Building, Cleveland 15, Ohio, U.S.A. 


*TIN RESEARCH INSTITUTE 
Report of the Tin Research Institute for 1951. Publishers: 
Tin Research Institute, Fraser Road, Greenford, Middlesex. 


TRADE CATALOGUES 


BIRLEC LTD. 
induction heating for forging. High ey induction 
heating: clean, rapid heating for forgi upsetting, 
the “machine tool” approach to localised heat treatment, 
the “machine tool” to surface hardening. 
Address: Tyburn Road, Erdington, Birmingham, 24. 
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ABSTRACTS FROM RECENT WELDING LITERATURE 


Abstracts from Recent Welding Literature 


(Compiled by J. L. Sanpers) 


HIS section of Transactions makes no pretension to completeness but is intended only to provide readers with particu- 
lars of some of the more interesting papers appearing in recent welding periodicals. 


Readers who need a complete survey should consult the Bibliographical Bulletin for Welding and Allied Processes published 
quarterly by the International Institute of Welding. Particulars may be had from the Secretary of the Institute 


Publications mentioned in the lists below are available on loan to members of the Institute and borrowers will facilitate 
matters if they will quote the appropriate reference number printed beside each entry. 


ARC WELDING.—Electrodes 


1588. ANON. 
Modern methods for prodaing arc welding electrodes 
Machinery Lioyd, vol. 24, 1952. Mar., pp. 91-93 
The author describes the construction and principle features 
of an extruding plant for applying the coatings to electrodes 
having diameters between |4s.w.g. and j in. The average output 
is 20, electrodes per hour. 


ARC WELDING.—in inert Atmospheres 


1589. GIBSON, G. J. and SEITZ, R. O. 

Thoriated-tungsten electrodes: their welding character- 
istics and ications 

Weiding }., vol. 31, 1952, Feb.. pp. 102-108 

From a consideration of basic arc theory, the authors show the 
difference between pure and thoriated tungsten electrodes. 
Tests were carried out to investigate arc starting characteristics, 
arc voltage, and electrode current carrying capacity, and it is 
stated that arc striking is simpler, arc voltage lower, electrode 
current-carrying capacity increased, weld contamination less 
troublesome, and electrode consumption considerably reduced 
when the thoriated type of electrode is used. The greatest 


advantages are — when using D.C. supply, and these 


apply to the we 


ding of stainless steel, copper, carbon steel, 
titanium, etc. 


1590. MOEN, W. B. and GIBSON, G. J. 
Schlieren analysis of inert naregm arc shields 
Welding j., vol. 31, 1952, Mar.. pp. 213 


The schlieren method of making gases visible was applied to a 
comparison of helium and argon as arc shields with non- 
consumable electrode equipment. The results indicate that 
either gas will provide adequate coverage and the choice of 
gas depends only upon the desired electrical characteristics 
and economies. A brief explanation of the schlieren apparatus 
applied to this study and a number of photographs substantiat- 
ing the results are included. 

(Authors’ Abstract.) 


1591. PILIA, F. J. 
“Contour” Arc Welding 
Welding Eng., vol. 37, 1952, Apr.. p. 54 
In the inert-gas-shielded arc welding equipment described, an arc 
is struck between a tungsten electrode and the work and a filler 
wire is fed automatically into the arc. The motion of this filler 
wire also drives the torch along the seam. The advantages 
claimed for this system are: the ability to weld irregularly 
shaped objects, high welding speed (up to 100 in. per minute), 
and little skill is required on the part of the operator, who 
has only to guide the torch along the joint. Several applications 
are given. 


ARC WELDING.—Twin-Arc 


1592. WALLER, W. D. 

The twin-arc ess 

Welding and Metal Fab., vol. 20, 1952, May, pp. 162-168 

The twin-arc plant consists of a ry phase transformer which 
draws a balanced load from the mains at a high-power factor, 
and a specially designed electrode holder for the twin-cored 
electrodes. Welding speeds are stated to be 100 per cent. 
faster than those obtainable with single-phase equipment 
and high quality welds are claimed. Only mild steel electrodes 
are available at present, but it is possible to use two standard 
electrodes fixed together in certain cases where other types 


are required. The welding technique is given for flat fillet, 
horizontal-vertical fillet (single and multi run) and butt welds 
A comparison of welding costs is made between the single 
and twin-arc systems for a range of fillet weld sizes laid down 
in the flat position. 


BRAZING 


1593. ROSE, A. S. 
Titanium aids silver brazi 
iron Age, vol. 169, 1952, Mar.. pp. 96-9 
The inability of titanium to become wetted by silver solder is 
used in the salt bath brazing of a stainless steel assembly. 
Strips of titanium around the assembly hold the molten solder 
in place until the stainless steel has reached brazing tempera- 
ture. The strips have to be replaced after twenty-five hours 
exposure to the salt bath. 


FLAME CUTTING 


1594. ELLY, L. P. 
Heavy scrap cutting in the steel mill 
Welding J., vol. 31, 1952, Feb., pp. 97-101 
This article describes a large cutting machine constructed for 
cutting scrap in thicknesses up to 60 in. to a size suitable for 
charging. The area covered by the cutting head is 10 ft. « 80 ft., 
and ail motions are motor driven and remotely controlled. 
The machine is operated oy one man and it is claimed that it is 
more economical than the lancing and blasting technique 
previously employed. 


15895. YOCH, A. H 
Oxygen cutting of defence ipment materials 
Welding /., vol. 31, 1952, Mar., pp. 217-230 
it is necessary in certain cases to take special precautions when 
flame cutting alloy steels to prevent dangerous metallurgical 
changes occurring. This article sets out recommended pro- 
cedures and gives details of the heat treatment which should 
be applied to alloy steels containing more than 0-3 per cent. 
carbon. Practical information is given on the flame cutting of a 
variety of components, an interesting example being the 
cutting of a pinion and gear ring for a 50-ton crane, no subse- 
quent machining being necessary. 


METAL SPRAYING 


1596. HENZLIK, W. C. 
Metailizing a Viaduct 
Welding Eng., vol. 37, 1952, Mar., pp. 40-42 
This viaduct was sprayed at site with an aluminium coat 
0-008 in. thick and sealed with a coat of viny! plastic. The author 
describes the preparation and spraying techniques and it is 
claimed that the structure is now protected for 25 years. 
25,000 square feet of surface were protected using 3,000 Ib. 
of aluminium, and it is stated that the viny! sealing technique 
is more economical than spraying a thicker coat of aluminium 
to attain the same corrosion resistance 


1597. TOUR, S. 
Modern in metallizing 
Welding j., vol. 31, 1952, Mar. pp. 199-207 
The development of the ‘metal spraying process is outlined and 
improvements in the gun and its associated equipment noted. 
The following methods of surface preparation, and their relative 
merits are considered: sand and grit blasting, rough threading, 
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Meduna process, molybdenum bonding and steel flash bonding 
The development of coatings having heat and corrosion 
resistance is described. The determination of the strength 
of sprayed coatings and of the bond between coating and base 
metal has necessitated the introduction of special tests and 
the importance of determining the internal stresses is empha- 
sized. In the cases of sprayed aluminium and zinc, tensile 
strengths are claimed to be greater than that of the cast or 
wrought material. The strength of the bond between coating 
and base metal may be as high as 3,000 pounds per square inch 
» tension, and 10,000 pounds per square inch in shear. A 
section at the end of this article deals with corrosion protection 


and mentions the test programme being planned by the 
ASTM 


RESSTANCE WELDING 
1598. HIPPERSON, A. J. and KEEFE, E. J 


Resistance welding 

Metal ind, vol. 80. 1952. Apr. 11. pp. 283-286; Apr. 18, pp. 306-307 

The high electrical and thermal conductivity of copper make it 
and its high alloys difficult to resistance weld except by the 
butt and flash-butt processes. Precautions to be taken when 
spot welding copper, silicon bronze, phosphor bronze and brass 
are given. Seam welding, projection welding and resistance 
brazing are briefly covered. in Part 2 the use of butt and flash- 
butt welding in the wire industry is described and it is noted 
that flash welding produces the best results. A special portable 
butt welding machine used for making joints in stator windings 
is itlustrated 
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and states that wlectrodes should be changed when the tip 
diameter has increased by one-third. The routine tests which 
should be applied and the application of statistical control 
methods are described. 


1602. SLADE, C. E. and ZELLER, F. 


Assembly by multi-point spot weldi 

Welding and Metal Fab.. vol, 20, 1952, Apr., pp. 136-142 

This article describes a multi-point spot welder recently 
completed for a motor car manufacturer which is used in the 
production of bucket seats, in which there is a total of 110 
spot welds per seat. The machine, which is fully automatic, 
employs unskilled labour and welds one seat every forty 
seconds. The costs of this type of equipment are compared 
with that of using a number of separate machines, and it is 
claimed that a decrease of 56 per cent. in production costs 
may be obtained. 


1603. SOLOMON, J. L. 


Welding of high heat-resistant materials 

Welding }., vol. 31, 1952, Mar. pp. 233-238 

Brief notes on the construction of the gas turbine engine are 
given showing the use of mild steel, stainless steel, the nickel 
base alloys and titanium in its construction. The effect of the 
electrical, physical and mechanical properties of these materials 
on the welding procedure is shown. The use of three-phase 
equipment is recommended, as for reasons shown, the operating 
conditions are less critical than with single phase. 


RESISTANCE WELDING.-Butt and Flash 
1899. COOPER, J. H 


SURFACING 
1604. AVERY, H. S. 


Crepe pric ete Bn we DIA 


Flash welding of components for aircraft and similar 
applications 


Weiding }. + 1952, Feb., pp. 109-115 

Flash-welded components for aircraft are allowed a maximum 
design ultimate stress equal to 80 per cent. of the minimum 
ultimate stress of the parent metal. Many examples of flash 
butt welded components are given. The greater confidence now 
placed in these assemblies has been achieved by improvements 
in control, instrumentation, inspection, testing, and the 
specific design of the component for welding 


RESISTANCE WELDING.--Projection 
1600. NIPPES, E. F. and GERKEN, 3. M 


Projection welding of steel in heavy gauges and in dis- 
similar thicknesses 

Welding |. vol. 31, 1952, Mar. Supp., pp. 113-125 

in this investigation the effects of weld current, weld time, 
electrode force and projection dimensions on weld formation 
and weld quality were studied. When welding both the 0-187 in 
steel and the 0250 in. to 0-250 in. steel, it was necessary to 
increase the electrode force at the termination of the weld 
current to minimise porosity. In addition, it was necessary 
either to apply an increased electrode force at the beginning 
of the weld, or to start the weld current at a low value to 
prevent flashing of the projection when the weld was initiated. 
The projection dimensions were not critical in their effect 
on weld quality. When welding 0-040 in. steel to thicker gauges, 
the same projection dimensions and electrode force used to 
weld 0-040 in. to 0-040 in. steel could be employed. However, 
the welding current and weld time had to be increased as 
the thickness of the thicker sheet was increased. A more uni- 
form weld strength over the recommended current range 
resulted when the projection was placed in the thicker sheet 
rather than in the thinner sheet 


(Authors’ Abstract.) 


RESISTANCE WELDING.—-Spot and Seam 
1601. HIPPERSON, A. J 


Quality contro! of spot welded assemblies 

Welding and Metal Fab., vol. 20, 1952, Mar. pp. 99-102; Apr., pp. 143-145 
The author reviews the British Standard Specifications dealing 
with spot welding machines and notes that they encourage the 
employment of machines which do not rely on the skill of the 
operator. Published data on optimum machine settings should 
be used as a guide when beginning a new job, and the author 
emphasises the importance of instrumentation in order that 
the settings may be quickly transferred to the machine 
Variations in weld strength are related to variations in current, 
time and electrode pressure, and means for their compensation 
noted. In Part 2 the author deals with the importance of the 


relationship D-= yt, where D-<electrode tip diameter in 
inches and t«thickness in inches of the thinnest component, 


Hard facing for impact 

Welding j., vol. 31, 1952, Feb., pp. 116-12! 

Wear, defined as deterioration due to use, is caused primarily 
by mechanical, chemical and thermal factors. The mechanical 
factors operate through stress, and impact is one of the 
important stress producers. Hard facing, which is one of the 
important techniques for combating wear, can provide effective 
protection against deterioration from impact provided the 
alloys are properly selected and used. The most appropriate 
hard-facing materials for such service are martensitic irons, 
martensitic steels, and austenitic steels; which are considered 
suitable for light, medium and heavy impact respectively. 
In this article static and dynamic compression testing are 
described, together with data on important hard-facing alloys, 
while the importance of design to avoid tension is stressed 
Critical limitations of impact energy and velocity are suggested 
to minimize structural damage and to help in alloy selection. 
The three hard-facing alloy types are described in some detail 
to guide the engineer in their selection. A few representative 
applications are given and the advantage of composite struc- 
tures in wear control is shown. This paper is intended to help 
engineers cope with the problems of industrial wear and 
includes some data on abrasion (Author's Abstract.) 


TESTING.—Low temperature 
1605. EVERHART, J. L. 


How to select steels for low temperature service 
Materials and Methods, vol. 35, 1952, Jan., pp. 75-79 


Steels which are suitable for service at normal temperatures 
may be unsuitable for low temperature service. Some will 
prove satisfactory under static loading, but will fail if dynamically 
stressed. The author states that some correlation has been 
found between the Charpy and full scale plate tests and 
describes how the selection of steel is affected by both metal- 
lurgical and mechanical factors. Tables of mechanical properties 
of a number of steels at temperatures down to — 320 deg. F., the 
effect of sustained stress at this temperature and the effect of 
melting practice on impact values are given. The effect of 
welding is briefly covered and a number of types of steel 
for temperatures between room and ~ 200 deg. F. are suggested 


TESTING.— X-Rays 
1606. MULLINS, L. 


Radiography in Engineering 

Machinery Lioyd, vol. 24, 1952, Feb., pp. 69-8! 

The author deals first with the principles of X-ray generation 
and compares properties with those of gamma-rays. The choice 
of equipment to suit various applications is described and 
attention is drawn to the limitations of radiographic inspection. 
The principles involved in making the radiograph are discussed 
and practical information on the radiography of welds and 
castings Is given. 
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TESTING.—Weldability 


1607. FELIX, W. A. 


The 

weldability of steels 

Welding j., vol. 31, 1952, Feb. Supp.. pp. 105-11! 

The author describes the testing methods in use at a large 
Swiss engineering works to assess the cohesive strength and 
weldability of steels used in highly stressed welded structures. 


WELDABILITY.—Non-ferrous.—Copper Alloys 

1608. SPENCER, L. F. 
Welding procedures for base alloys 
Welding Eng., vol. 37, 1952, Mar., pp. 17-22; Apr.. pp. 42-46, p. 48 
in Part | the types of joints recommended for different gauges 
of material are shown and the use of different types of backin 
bars is explained. A table showing the proposed AWS-AS 
classification of copper and copper alloy electrodes is given. 
The fusion welding of copper (tough pitch and deoxidised), 
beryllium copper and the brasses is then described. in Part 2 
the fusion welding of silicon bronzes, aluminium bronzes, 
phosphor bronzes, and nickel bearing alloys is covered and in each 
case the merits of the various fusion welding processes are 
described. A table sets out the procedures for welding silicon 
bronze in thicknesses from |/16-} in. by the carbon arc and 
the oxy-acetylene processes. The author deals finally with the 
resistance welding of a range of copper alloys, and their weld- 
abilities are summarised in a table. it is noted that weldability 
is inversely proportional to the electrical and thermal con- 
ductivity of the material. 


WELDABILITY.—Non-ferrous.—Titanium 


1609. SEGARD, J. 

Titanium takes a test 

Welding Eng., vol. 37, 1952, Mar., pp. 24-27 

Tests carried out by Ryan Aeronautical Company show that 
titanium may be fabricated in a manner similar to stainless 
steel. It has been found impossible, however, to weld titanium 
to any other metal. Up to 800 deg. F. titanium alloys maintain 
their high strength, but when held above this figure for long 
periods, their strength falls off rapidly. it is considered that 
this is due to the surface absorption of oxygen and the possi- 


bility of providing a ceramic coating to overcome this is 
mentioned. 


testing of the cohesive strength and 


1614. ANON. 
Fabricated 


Welding and Metal 


May, pp. 158-161 
This press is 


erting a ram force of 1,000 tons and 
the blankhoider. information on the 
operation, controls and applications 

procedure, preheating and stress 
relieving used in its construction are given. 


1615. CLASON, C. 8. 
From sheet metal to home freezers 
Welding Eng., vol. 37, 1952. Apr.. pp. 23-27 
This article outlines the application of welding and brazing 
to the construction of refrigeration equipment. 


1616. OBRINGER, E. and MONTANUS, R. C. 
it's steel for shock resistance 
Welding Eng., vol. 37, 1952, Feb. pp. 27-29, p. 42 
Stresses sufficient to cause the failure of a lathe of conventional 
cast iron construction are encountered aboard ship due to deck 
weaving and bombing. The authors describe a lathe designed to 
resist these stresses which employs a welded stee! bed and 
legs of special construction to prevent torsional stresses 
warping the guiding surfaces. 


1617. RHEINGANS, W. J. 


Welded plate steel for Francis turbines 

Weilding Eng. vol. 37, 1952, Apr., pp. 36-39 

The author discusses the advantages of welded steel casings 
for —_ water turbines, and shows that an overall saving in 
cost 13 per cent. is obtainable when compared with the 
cost of a cast structure. Field welding has not been permitted 
in many installations, but several exceptions to this are noted 
and briefly described, and mention is made of a new low temper - 
ature method of stress relieving welds in situ. Stainless steel 
and stainless steel clad runners are stated to be superior to 
those in mild steel and stainless steels containing |2 to 14 per 
cent. chromium have better erosion resistance than 18/8. It is 
noted that aluminium bronze is a very promising material 
for use in hydraulic equipment as it possesses good resistance 
to both cavitation and erosion. 
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Cookies 


WELDED CONSTRUCTION.—Buildings 


1610. JEFFERSON, T. B. 
Houston's new welded office building 


WELDED CONSTRUCTION.—Petroleum Industry 


setae hs 


Welding Eng., vol. 37, 1952, Mar., pp. 35-37 
This is a brief description of a 22-storey all-welded steel framed 
office building. 


WELDED CONSTRUCTION.— Design 


1611. NEAL, B. G. and SYMONDS, P. S. 
The rapid calculation of the plastic collapse load of a 
framed structure 
Proc. Inst. C.E., vol. 1, 1952, Apr., pp. 59-100 
A fromed structure of ductile material, such as mild steel, 
collapses when the applied loads are increased to such values 
that a sufficient number of plastic hinges are formed to trans- 
form the structures into a mechanism, which can then continue 
to deform under constant load. For complicated frames the 
determination of the positions of the plastic hinges, and thus 
of the collapse load, may become very lengthy by existing 
methods. The paper presents a new method of determining 
the plastic-hinge positions and the corresponding value of 
the collapse load, which is considerably shorter than methods 
described previously. 


(Authors’ Abstract.) 


WELDED CONSTRUCTION.—Gas Holders 


1612. KNIGHT, G. F. 
Toronto's all-welded gasholder 
Welding Eng., vol. 37, 1952, Feb., pp. 30-33, p. 37 
The author describes the construction of a 5 lift, 10 million 
cu. ft. capacity gasholder, and gives details of stress relieving 
treatment, inspection, testing and erection procedure 


WELDED CONSTRUCTION.—Machinery 


1613. ANON. 
Better dipper sticks by submerged-arc welding 
Welding Eng., vol. 37, 1952, Mar., pp. 32-34 ° 
Describes briefly the construction of all-welded tubular dipper 
sticks for use on excavating equipment. 


1618. ANON. 
Extension 


at the L refinery 

Welding and Metal Fab., vol. 20, 1952, May, pp. 169-173 

Describes the procedures and precautions adopted in training 
and testing operatives and in maintaining weld quality. Some 
of the equipment under construction is briefly described. 


WELDED CONSTRUCTION.—Pressure Vessels 
1619. ARNE, C. 


The Horton multis 

Welding J., vol. 31, 1952, Feb., pp. 146-147 

The multisphere is a pressure vessel consisting of a number of 
intersecting spheres and is claimed to withstand twice the 
pressure ofa cylindrical vessel having the same wail thickness 
Two such vessels in service are illustrated and working details 
given. 


1620. HARRIS, H. 


The welding of pressure vessels 

West of Scotland fron and Steel J, vol. 58, 1950-51, pp. 11-48 

The author surveys the progress made in pressure vessel 
construction and discusses the metallurgical problems associated 
with the use of very heavy plate in their construction. The use 
of supersonic testing equipment in the detection of flaws 
in the plate prior to fabrication is described. Automatic arc 
welding equipment is now extensively used and a propane 
or butane shroud around the arc is employed in addition to 
that provided by the coating; by reducing the sulphur content 
of the core wire to 0-015 per cent. max. the rate of detection 
of defects was reduced from 157 ft. of welding per defect to 
497 ft. of welding per defect. The possibility of using higher 
tensile steel plate is discussed and the test requirements 
imposed on small pressure vessels are criticised. A preliminary 
supersonic examination of the welded seams to determine 
those areas containing defects ‘s claimed to effect a considerable 
saving in radiographic costs. 
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WELDED CONSTRUCTION.—Repairs 


intersection are compared with stresses in the longitudinal 
1621, BERNHARD. E. E. N. and DIXON, P. A 


bulkhead bordering the intersection. Stress concentrations and 
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LATEST 


Outstanding welding repairs on hot blooming mill 
shears 

Welder, vot. 21, 1992, lan.-Mar.. pp. 2-7 

The authors describe in considerable detail the repair of a 
16 ton casting of composition 035 per cent. carbon, 0-42 per 
cent. chromium and 0-3! per cent. nickel by arc welding. After 
repairing the main crack it was found that numerous other fine 
cracks had opened up considerably. Following a consideration 
of the methods of repairing these cracks it was decided to try 
the “barrier system.” This consists of laying down a number of 
weld barriers at intervals to prevent the cracks spreading, 
afterwards opening up the cracks for oo The authors 
claim that this technique has proved very satisfactory and has 
since been used with equal success on other repair jobs 


1622. SOMERS, R. E. and VON BLOHN, H. C 


Surface conditioning of structural steel 

Welding J., vot. 31, 1952, Mar, pp. 193-198 

Following a survey of the development of methods of repairing 
surface defects in rolled steel, the causes of underbead cracking 
in structural silicon steel are explained and a description 
of comparative tests on welds made with mild steel and low 
hydrogen electrodes is given. it is stated in conclusion that 
underbead cracking may be eliminated by the use of the low 
hydrogen type of electrode and that the A.S.T.M. Specification 
for 1950 permits its use for repairing defects in the A.94 silicon 
steels 


WELDED CONSTRUCTION.--Ships 
1623. ANON 


Failures in welded ships 

Welding and Metal Fab., vol. 10, 1952, Apr, pp. 130-134 

This article describes the conditions which led to the failure 
of several American welded ships and shows how investigation 
and research work have demonstrated the factors which caused 
failure. Improved materials, workmanship and design now 
ensure a reliable structure and it is encouraging to note that 
no welded ships built in Great Britain since | have failed 


1624. CAMPBELL, W. R., IRWIN, L. K. and DUNCAN, R. C- 


Stress studies of bulkhead intersections for welded 
tankers 

Weiding J., vol. 31, 1952. Feb. Supp., pp. 68-77 

Four large bulkhead intersection specimens were tested in 
tension in the Engineering Mechanics Section of the National 
Bureau of Standards for the Ship Structure Committee. The 
tests are part of a study of the typical structural discontinuities 
in ships to determine the magnitude of stress concentrations 
and areas affected by discontinuities, and to furnish data 
necessary for improving current designs, Each specimen 
represents the intersection of a longitudinal bulkhead and a 
transverse bulkhead as found in welded tanker design. The 
elastic stress distribution at room temperature, strain dis- 
tributions prior to failure at O deg. F. and energy for failure 
at O deg. F. are presented. Stress values in the region of the 


BRITISH ELECTRONIC PRODUCTS (1948) LTD. 


Electronics for industry. B.E.P. equipment for resistance 
welding control. Specification for ignitron contactor 
units. Specification for ignitron weld heat control. 
Specification for synchronous weld timers. Address 
Rugeley, Staffordshire 


BRITISH THOMSON-HOUSTON CO. LTD. - 


Electrical machinery and apparatus, which include 
electronic control equipments for resistance welding 
machines, electronic-magnetic contactors, ignitrons, 
thyratrons and rectifiers, electronic induction heaters, 
etc. Address: Rugby 


EUTECTIC WELDING ALLOYS CORPORATION 


1951-52 Eutectic directory. (Data on low temperature welding 


energy at failure for the different specimens are also compared 
(Authors’ Abstract.) 


1628. CORLETT, E. C. B 


Aluminium as a shipbuilding material 

Trans. N.E. Coast inst. Eng. and Shipbuiders, vol. 68, 1952, Mar., pp. 221-248 
The North-East Coast institution has a pioneer interest in the 
development of aluminium as a shipbuilding material, and 
this paper is, in effect, a report of practical progress to date 
Materials and their present status, the methods available for 
ioining them, and future trends are discussed in the first 
section, and in the second, the outline of a code of practice 
is sketched, A new set of sections is proposed and the ric 
properties of such a range given. Scantling tables for deck- 
houses and light superstructures are proposed and a set of 
such tables put forward. While these tables are tentative, the 
weight ratios obtained are attractive, offering possible material 
savings. Details of the use of aluminium in the new liner 
United Stotes are given (Author's Abstract) 


WELDED VERSUS CAST CONSTRUCTION 


1626. BROOKE, M. S 


Welded fabrication replaces cast construction 
Commonwealth Eng., vol. 39, 1952, Jan.. pp. 240-243 

The author describes how welded fabrications have replaced 
cast structures in the manufacture of an excavator, rock- 
crusher, etc 


WELDERS.—Safety and Health 


A. 


1627. BATES, C. C. 


The effects on the human eye of the radiant energy 
iven off by various welding processes 


heet Metal ind., vol. 29, 1952, Apr.. pp. 349-352, p. 357; May, pp. 435-440. 
“47 


p 

The author describes first the structure of the human eye 
and notes those parts which are affected by the radiation 
from the welding processes. The effect of infra-red and visible 
radiations are examined. Prolonged exposure to the former 
may result in serious injury to the lens, and, in certain cases, 
heat cataract may occur. Exposure to the visible wave lengths 
produces no permanent injury but may cause considerable 
discomfort and pain to the operative, and its intensity should 
be reduced by a suitable filter to a comfortable working level. 
in Part 2 the effect of ultra-violet radiation is examined and 
it is noted that no permanent injury has been detected as 2 
result of short exposure, provided that adequate treatment 
is obtained. The causes of ‘‘Arc-Eye’’ are set out and recom- 
mended treatments given. The selection of the correct filter 
for a given operation is most important and it is recommended 
that operatives working in the vicinity of welding operations 
should be protected by special goggles. 


ADDITIONS TO THE LIBRARY—continued from page 90 


alloys.) Address: !72nd Street and Northern Boulevard, 
Flushing, New York, N.Y. Agents: Eutectic Welding Alloys 
Co. Ltd., 156 and 158, Abbey House, Victoria Street, London, 
S.W.1 


H. WILKES & COMPANY 

Industrial gas appliances, which include soldering furn- 
aces, soldering iron heaters, accessories, gas ited 
as irons, brazing equipment, and blowpipe 


accessories. Address: Alcosa Works, Stourport-on-Severn, 
Worcs 


J. H. WILLIAMS & CO. 


The Saxe Welded erection system. Address: 400, Vulcan 
Street, Buffalo 7, New York. 
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10 MPH. 


S'6Sp, 


OXY-GAS WELDING 


steps up motor cycle production 


Planning based on oxy-gas welding of components saves production 


time. while assuring strength and a neat finish to each component. 
SERVICE 
Many British motor cycles are made on this principle, as our illus- EXCHANGE SYSTEM 


H j } : Users of B.O.C equipment 
trations show. Much of their renowned quality and stamina rests on should take advantage of the 
Service Exchange System. 


j B.O.C equipment i d of 
the high efficieacy of B.O.C oxy-gas welding techniques. repair may be exchanged at 


your local branch for re-con- 


‘ P . ditioned ipment at | 
For further details, please write to: nominal aon a 


KO) THE BRITISH OXYGEN CO LTD 


/ 


egy” 
LONDON AND BRANCHES 
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STRONG, 
COMPACT, 
RELIABLE UNITS, 
SCIENTIFICALLY 
DESIGNED 


Single Operator 


Welding Sets 


Send for Booklet P9556 


THE GENERAL ELECTRIC CO., LTD., MAGNET HOUSE, KINGSWAY, LONDON, W.C.2 
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Some of the various types of 
B.G.T. cutting nozsles. 


A special Oxy/ Propane 
heating noaz!e. 
B.G.T. supply a complete range of cutting and heating nozzles 
for every purpose: annulus and splined (self-centering) types 
for acetylene, propane or hydrogen. 


BRITISH GAS AND TORCH CO., LTD. 


HEAD OFFICE: DOWNSHIRE HOUSE, ROEHAMPTON LANE, LONDON, 5.W.15. 
PUTney 7742. PYROGAS, PUT, LONOON. 


Branches: BIRMINGHAM * GLASGOW - LONDON 


SOUTHAMPTON = (Lymington) * SUNDERLAND 
THORNABY-on-TEES. 
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ONE REASON FOR @e-Alrc 


STUD-WELDING RELIABILITY 


is unceasing and painstaking 
research. 
That is why Cyc-Arc equip- 
ment will weld Steel, Brass, 
Aluminium Studs and details 
SPEEDILY, SECURELY, 
ECONOMICALLY 


We will be glad to send full 
information 


YC-FERC 


27-29 NEW NORTH RD. 
‘iming a sequence wi ‘OSS¢ ouble be ill 
; . . . pa ees ae ct LONDON, N.1 


Of hen you think 


of control... 


Strings, woodwind, brass ali under con- 
trol by @ movement of the finger or a 
flick of the baton. Likewise contro! of 
compressed gases is essential for harmony 


m use, So 


... think of 
REGULATORS 


Head Office: 32 VICTORIA STREET, LONDON, S.W.1! 
Telephone : ABBey 6062/3 and 4 
; Leadon: astway, Hackney, London, E.9 Telephone: Amherst $443/4 
WORKS . Manchester: Ri . Trafford Park, , Telephone : Trofford Park 1041/2 
| Liverpool: Flems Telephone; Hunts Cross {21 2/3 
‘ Glaegow: Halfway 165! 
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WELDED MACHINE FRAMES 


ADVANTAGES OF WELDED CONSTRUCTION. 

Thickness under accurate control. 

Less machining needed. 

No blow-holes, hard spots or fused-in-sand to hinder machining. 


Exceptional ductility, reducing risk of failure through localized 
stress. 


Reduced weight with greater strength. 


No porosity or weakness at junction of walls, even if plates are 
of unequal thickness. 


Lower cost. 


DORMAN LONG & CO. LIMITED, 
Welding Department, 
REDCAR, YORKS. 


Telegrams: Redcoat, Telex. Middlesbrough. Telephone: Redcar 17! 
London Office: 52, Grosvenor Gardens, $.W.! 


BIO) 0 29a ee ROPES 


PRESSED STEEL 


roughing 


FOR SHIPS’ BULKHEADS 


Phot: courtesy 
ayy Ze Led. ¢ 


Pressed Steel Troughing is used 
by the leading Shipbuilders in the ‘gam 
Tyneside and Clydeside areas. - 


Lerge illustration: TRANSVERSE BULKHEAD IN POSITION 


EGYPT— Small illustration: BULKHEADS WITH GIRDERS AND WEBS 
The Port Said Engineering ATTACHED READY FOR ERECTION. 
Works, Port Said 


MOTHERWELL BRIDGE & ENGINEERING CO. LTD. 


: Londen Address: @2, VICTORIA STREET, 5.W.1 
Tueqreme: RIDGE, MOTHERWELL HEAD OFFICE AND WORKS: 


Telephone: MOTHERWELL 40, 41, 42 MOTHERWELL 


PRE A PRON, 


eI AE NER tt 9 
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cutting time 
on large areas 


The LP. Machine is made in four 
standard szes with cutting widths 
of 3it.. Sit.. 7ft and 10ft. the length 
in each case being 10ft, this length 
can be extended to 50h. or more by 
additiona! lengths of rail. A second 
carriege can be fitted when the 
machine virtually becomes two 
machines working simultaneously 
on the same or two separate plates All machines use the exclusive Universal Tracer Head available with 
six siternative drives including an Electronic Drive for completely automatic tracing from a black and 
white drawing These profilers are particularly suited for large components such as locomotive frames 
ships’ plating. plating for mono-ferric construction, e'c., where great overall accuracy is required 


HANCOXYGEN cutting is best. Write for 28 page illustrated catalogue today. 


HANCOCK & CO., (Engineers) LTD peers oaennad 


PROGRESS WAY, CROYDON, SURREY, ENGLAND Telephone: CROYDON 1908 


WELDCRAFT LTD 


PROGRESS WAY - CROYDON - ENGLAND Phone: CROydon 1908 (PBX) 
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Industrial 
Liquids 


TRANSPORT of industrial 
liquids has become more 
and more a job for road 


Above 750-gallon single-compartment 
tanks and Butterfield mild steel tank for gas-oil. Fitted with 


pump-discharge 
Road Tanks in particular. 
The strength of the tank, and its welded joints, is fre- 
quently tested on roads that are far from good. It is then that Butterfield craftsmanship shows its 
worth. Up and down the roads, overseas as well as 
at home, Butterfield Road Tanks are proving their 


ability to do all that is expected of them, and more 


BU ’ Y ERFIELD Fabricated in Stainless Steel, Mild Steel and 


Aluminium 


ROAD TANKS 


W. P. BUTTERFIELD LTD., SHIPLEY, YORKS. Tel: 52244 (7 lines) 
LONDON: AFRICA HOUSE, KINGSWAY, W.C.2. Tel: HOLborn 1449 


IGNITRONS 
OUR LATEST PATTERN HIGH-SPEED HEAVY-CURRENT ELECTRONIC ~ CONTACTORS™ 
WELDING & CUTTING * 
APPARATUS 


RATINGS AT #0 VOLTS 
DUTY CYCLE] 3% | 10% | 35% | s0% Be 
IGNITRONS | EVA | EVA | BVA | BVA | BVA 


TWO BK 138) 8) 24 
TWO BK 42 “wi | maa] io 
se 
aces 
CATALOGUE ON APPLICATION TO Bh oremmurans esl D 


THORN & HODDLE LID., without modification to your equipment. 


ISI, VICTORIA STREET, LONDON, S.W.! BRITISH THOMSON {MOUsToN____. 


COUTANT LANITER BUCET ERGLaR® 
Telephone: VICTORIA 3373 Telegrams: INCANTO, SOWEST, LONDON m of the AB a : 
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SEAM WELDING 
an 


U PSETTING DIES 


Farther information and quotations vapplied on request 


METRO-CUTANIT LTD 


| 


b | 
= 
= 
| 
= 


T™ is the welding rod for all round 
service. tt requires lithe or no 
preheating and can be used to weld all 
metals except aluminium. Sifbronze 
patented copper-zinc alloy rods are 
better because of their EXTRA 
constiuents 
Write for full details today, alse ask for 
free copy af © Self-Tips” magazine 


SUFFOLK {RON FOUNDRY (1920) LTD 


SIFBRONZE WORKS, STOWMARKET, SUFFOLK 
Telephone Stowmarket !83 (3 lines) 


ELMET METALS 
in different compositions 
FOR ALL WELDING PROBLEMS 
in Rods, Bars, Discs and Rings 
STANDARD 
SPOT WELDING 
ry 


LEZ | Fourth Rattion | EZ 
Electric Are and 


Oxy-Acetylene 
Welding 


By the late E. Arthur Atkins, M.Sc., M.1.Mech.E., 
and A. G. Walker, M.Inst.W.; revised by W. A. 
Atkins, L.1.M., M.Inst.Met., M.1. & S.L, and A. G. 
Walker. This is a complete revision of a notable 
textbook and reference work. Widely used by students, 
operators and works managers, it is a sound and 
up-to-date guide to every aspect of the welder’s craft. 
With 186 illustrations. 30s. net. 


“The author may be congratulated on his 
method of dealing with the subject in this 
volume.” —Journal of the Junior Institution of 
Engineers. 


From booksellers. Published by 
PITMAN, Parker Street, Kingsway, London, W.C.2 
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Arc welding electrodes for all purposes. 
A.C. & D.C. welding’ plant of all types and capacities. 
Welders’ Accessories and general supplies for the welding shop. 


sincre-orperaATOR D.C, ARC WELDING PLANT 


DRIVEN . , i - DIESEL ENGINE DRIVEN 
TYPE PD2S0 : b TYPES ODA 300, ODA 400 


A.C MOTOR DRIVEN 
TYPES ADI7S 
D300 bog « 
AD400 se GENERATOR ONLY 
| TYPES 0300, 0400 


mutti-operaTtorR A.G. ARG WELDING PLANT 


mf 
‘ ne ie 


“ 
REGULATORS 
210, 300, 400 
and 600 AMPERE 


TYPE C150 irs TYPE MM3S0 


ROCKWELD LTD: CROYDON - SURREY rex: crovnon 7161 (5 LINES) GRAMS. ROCKWELD, PHONE. CROYDG 


*. 





EXTRUDED 


Officially approved for welding 
aluminium alloys by the 
deep penetration method ... 


Murex aluminium 5°, silicon electrodes have been specially 
developed for the arc welding of aluminium alloys, in which they can 
produce welds having high tensile strength—minimum 10-5 tons/sq. 
in. The electrodes may be used for deep penetration welding with 
currents up to 400 amps. D.C. for welding sections of thicknesses up 
to fin. without special edge preparation and without preheating. 


The electrodes are of the plain extruded type and have the advantages 
of uniformity of coating and welding properties. They are smooth 
running, simple to use and while they are designed for downhand 
welding, they can also be used in all positions. Another featurefis 
that the slag is easy to remove. 


The®electrodes are officially approved by the Ministry of Supply for 
welding military bridging equipment and they represent the latest 
advance in the arc welding of aluminium alloys. 
ADVANTAGES 


Officially approved by the Ministry of 
Supply for the welding of military bridging 
equipment. 


High tensile strength welds—minimum 10-5 
tons/sq. in. 


For deep penetration welding larger gauge 
electrodes can be used with currents up to 
400 amps. D.C. 


Aluminium alloys of thicknesses up to | in. 
can be welded without special edge prepar- 
ation and without preheating. 


Plain extruded type of electrode for uni- 

formity of coating and welding properties. 
An aluminium alloy section of & in. thickness welded with one run and Setcit satan ~ditiale 2 wn ~antanial 
a sealing run, using a No.4 gauge Murex extruded aluminium silicon @ dawaland electreds but can» wned mall 
electrode without special edge preparation and without preheating. positions. Easy slag removal. 


ELECTRIC ARC WELDING EQUIPMENT & ELECTRODES 


MUREX WELDING PROCESSES LIMITED, WALTHAM CROSS, HERTS. Telephone: WALTHAM CROSS 3636 
Ts 
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